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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of 

Inventors: Naoyasu MIYAGAWA, et al. Prior Art Unit: 2753 

Application No.: Continuation Application Prior Examiner: N.Hindi 

of Serial No. 08/396,981, 
filed March 1,1995 

Filed: November 22, 1999 

For- OPTICAL RECORDING/REPRODUCING APPARATUS FOR 

OPTICAL DISKS WITH VARIOUS DISK SUBSTRATE TfflCKNESS 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents 
Washington, DC 20231 

Sir: 

After grant of a filing date, please amend the above-captioned application as follows: 

IN THE SPECIFICATION 

Before the first line, insert -This is a continuation of reissue application Serial 
No.08/396,981 filed March 1, 1995 which is a reissue of U.S. Patent No. 5,235,581.-- 

IN THE CLAIMS 

Please cancel claims 25-83, without prejudice or disclaimer. 
Please add the following new claims 84 and 85: 

84. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N tvpes (where N >= 2) of o ptical discs having 
transparent substrates of different thicknesses, each type of said optical discs hav ing at least said 




transparent substrate and an information laver. bv converging a light flux onto said information 
layer through said transparent substrate, said apparatus comprising: 
at least one light emitting means for emitting a light flux: 

a converging means having different effective numerical apertures which number is equal 
to or less than N. for converging said light flux on said information laver of a corresponding one 
of said N tvpes of optical discs loaded in said apparatus and performing aberration correction 
over respective transparent substrates of said N optical discs having different thicknesses: and. 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outputting the de tected reflected 
light as an electrical signal. 

wherein said converging means converses said light flux as a smaller spot diam eter D bv 
emploving a larger one of said effective numerical apertures, with respect to one of said optical 
discs having a thinner one of said substrates. 

wherein thicknesses of said transparent substrates of said N tvpes of optic al discs are 
substantial! V equal to or less than 1.2mm and said effective numerical apertures in said 
converging means are substantiallv equal to or larger than 0.45. 

wherein the thickness of the transparent substrate of the optical disc is dis criminated bv 
said electrical signal which is output bv said at least one photo detecting means f or detecting said 
reflected light fi-om said optical disc through said converging means. 

85. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/flom anv one of N tvpes fwhere N >= 2) of o ptical discs having first 
layers of different thicknesses, each tvpe of said optical discs having at least said first laver being 
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transparent and a second layer for storing information, bv converging a light flux onto said 
second layer through said first layer, said apparatus comprising: 
at least one light emitting means for emitting a light flux: 

a converging means having different numerical apertures which number is equal to or less 
than N. for converging said light flux on said second layer of corresponding one of said N types 
of optical discs loaded in said apparatus and performing aberration correction over respective 
second laver of said N optical discs having different thicknesses: and 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outpu tting the detected reflected 
light as an electrical signal. 

wherein said converging means converges said light flux as a smaller spo t diameter D bv 
employing a larger one of said effective numerical apertures, with respect to one of said optical 
discs having a thinner one of said first layers. 

wherein thicknesses of said first layers of said N types of optical discs are substantially 
equal to or less than 1.2mm and said effective numeral apertures in said convergi ng means are 
substantially equal to or larger than 0.45. 

wherein the thickness of said first laver of the optical disc is discriminate d bv said 
electrical signal which is output bv said at least one photo detecting means for de tecting said 
reflected light from said optical disc through said converging means. 
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REMARKS 



Early and favorable consideration of this application is respectfully requested. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of 

Inventors: Naoyasu MIYAGAWA, et al. Prior Art Unit: 2753 

Application No.: Continuation Application Prior Examiner: N.Hindi 

of Serial No. 08/396,981, 
filed March 1,1995 

Filed: November 22, 1999 

For: OPTICAL RECORDING/REPRODUCING APPARATUS FOR 

OPTICAL DISKS WITH VARIOUS DISK SUBSTRATE THICKNESS 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents 
Washington, DC 20231 

Sir: 

Prior to initial examination on the merits, please amend the above-captioned application 
as follows: 
IN THE CLAIMS 

Please cancel claims 1-24, without prejudice or disclaimer. 

Please add the following new claims: 

- 86. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having 
transparent substrates of different thicknesses, each type of said optical discs having at least said 
transparent substrate and an information layer, by converging a light flux onto said information 
layer through said transparent substrate, said apparatus comprising: 

at least one light emitting means for emitting a light flux: 
a converging means having different numerical apertures for converging said light flux 
on said information laver of corresponding one of said N types of optical discs loaded in said 



apparatus and performing aberration correction over respective transparent substrates of said N 
optical discs having different thicknesses: and 

at least one photo detecting means for detecting reflected Hght from said optical disc 
loaded in said apparatus through said converging means and for outputting the detected reflected 
light as an electrical signal, 

wherein said converging means converges said light flux as a smaller spot diameter D by 
employing a larger one of said numerical apertures, with respect to one of said optical discs 
having a thinner one of said substrates. 

wherein thicknesses of said transparent substrates of said N types of optical discs are 
about 1.2mm or less than 1.2mm. and 

wherein the thickness of the transparent substrate of the optical disc is discriminated by 
said electrical signal which is output by said at least one photo detecting means for detecting said 
reflected light from said optical disc through said converging means. 

87. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having first 
layers of different thicknesses, each type of said optical discs having at least said first layer being 
transparent and a second layer for storing information, bv converging a light flux onto said 
second layer through said first layer, said apparatus comprising: 

at least one light emitting means for emitting a light flux: 
a converging means having different effective numerical apertures for converging said 
light flux on said second layer of corresponding one of said N types of optical discs loaded in 
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said apparatus and performing aberration correction over respective said first layer of said N 
optical discs having different thicknesses; and 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outputting the detected reflected 
light as an electrical signal. 

wherein said converging means converges said light flux as a smaller spot diameter D by 
employing a larger one of said effective numerical apertures, with respect to one of said optical 
discs having a thinner one of said first layers. 

wherein thicknesses of said first layers of said N types of optical discs are about 1.2nmi 
or less than 1 .2mm. 

wherein the thickness of said first laver the optical disc is discriminated by said 
electrical signal which is output by said at least one photo detecting means for detecting said 
reflected light from said optical disc through said converging means. 

88. An optical recording/reproducing system comprising: 
(a) an optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having 
transparent substrates of different thicknesses, each type of said optical discs having at least said 
transparent substrate and an information layer, by converging a light flux onto said information 
layer through said transparent substrate, said apparatus comprising: 
at least one light emitting means for emitting a light flux: 
a converging means having different numerical apertures for converging said light flux 
on said information laver of a corresponding one of said N types of optical discs loaded in said 
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apparatus and performing aberration correction over respective transparent substrates of said N 
optical discs having different thicknesses: and 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outputting the detected reflected 
light as an electrical signal, 

wherein said converging means converges said light flux as a smaller spot diameter D by 
employing a larger one of said numerical apertures, with respect to one of said optical discs 
having a thinner one of said substrates, 

wherein thicknesses of said transparent substrates of said N types of optical discs are 
about 1 .2mm or less than 1 .2mm. 

wherein the thickness of the transparent substrate of the optical disc is discriminated by 
said electrical signal which is output bv said at least one photo detecting means for detecting said 
reflected light from said optical disc through said converging means, 

(b) a system controlling means coupled to said converging means for moving said 
converging means relative to the optical discs loaded in said apparatus to traverse a recording 
track thereof: and 

(c) a signal processing means coupled to said photo detecting means for encoding or 
decoding said information signal. 

89. An optical recording/reproducing system comprising: 
(a) an optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having first 
layers of different thicknesses, each type of said optical discs having at least said first layer being 



4 




transparent and a second layer for storing information, bv converging a light flux onto said 
second layer through said first layer, said apparatus comprising: 
at least one light emitting means for emitting a light flux: 

a converging means having different effective numerical apertures for converging said 
light flux on said second layer of corresponding one of said N types of optical discs loaded in 
said apparatus and performing aberration correction over respective said first layer of said N 
optical discs having different thicknesses: and 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outputting the detected reflected 
light as an electrical signal. 

wherein said converging means converges said light flux as a smaller spot diameter D bv 
employing a larger one of said effective numerical apertures, with respect to one of said optical 
discs having a thirmer one of said first layers. 

wherein thicknesses of said first layers of said N types of optical discs are about 1 .2mm 
or less than 1 .2mm. and 

wherein the thickness of said first layer the optical disc is discriminated bv said 
electrical signal which is output bv said at least one photo detecting means for detecting said 
reflected light from said optical disc through said converging means. 

(b) a system controlling means coupled to said converging means for moving said 
converging means relative to the optical discs loaded in said apparatus to traverse a recording 
track thereof: and 

(c) a signal processing means coupled to said photo detecting means for encoding or 
decoding said information signal. ~ 
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REMARKS 



Early and favorable consideration of this application is respectfully requested. 
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OPTICAL RECORDING/REPRODUCING 
APPARATUS FOR OPTICAL DISKS WITH 
VARIOUS DISK SUBSTRAIN THICKNESSES 

BACKGROUND OF THE INVENTION 

1. Ficid of the Invenlion 

The invention rslales to an optical disc apparatus 
which can record, rcproducs, or erase infor-naJion sig- 
nals onto/from both of aji optical disc having a record- 
ing density simiiar to thai of a conventional CD (com- 
pact disc) and an optical disc having a recording density 
higher than the above recording density. 

2. Description of the Prior Art 

In recent years, In addition to an optica] disc appara- 
tus onjy for reproduction such as a CD player or the 
like, an optica] disc apparatus which can record and 
reproduce an inforraation signai is actively being devel- 
oped. 

Ordinarily, the recording and reproduction of an 
informatica signai onto/from asi opticaJ disc are exe- 
cuted by converging a beam which is radiated from a 
semiconductor laser or the ]ike onto a recording layer 
of the optica! disc by a lens. The recording layer here 
denotes a pit layer in the case of a CD and is a layer in 
which a deforniation, a change in optica! constant, a 
formation of a inagnetic domain, or the like is per- 
formed by a converged laser beam in the case of a re- 
cordable opticaJ disc. To raise a recording density of the 
optica! disc, it is necessary to reduce a spot diameter D 
of the convc.-g:d beam. Tlierc is the foilowing relation 
among the spot dia.mcter D, a numerical aperture N A of 
the lens, and a wavelength X of the laser beam. 
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The above cquaticr. (I) denotes that the beam spot 
diameter D dccrtzscs by using a lens of a large N'A.. 
That is. by increa.sing N'A, the high density recording 
can be executed. 

When NA of the lens increases, however, an aberra- 
tion of the converged beam due to an inciinaticn error 
of the disc called a tilt increases. Particuiariy, a coma 
aberration increases. There is the foiicwing relation 
among a wave front aberration cf the coma, a tilt 
angle a, and NA when using a thickness d and a refrac- 
tive index n of the disc substrate. 

Tac above equation (2) denotes that in the case of 
using a Icns^ of NA wh;ch is larger than that of the 

coma aberration increases. It will be undc.-siood from 
the equation (2), however, that there is an effect to 
suppress the coma aberration by setting the thJckr.ess d 
of the disc substrate to be thin. In the optical disc for the 
high density recording, therefore, it is preferable that 
the thickness of the disk substrate is thinner than that of 
the conventional optica! disc, so that an optical head 
using an objective lens corresponding to the thin disc 
substrate is needed. 

On the other hnnd, even in the optical disc apparatus 
corresponding to the high density recording, it is prefer- 
able that the conventional optica! disc of a thick sub- 



strate can be also reproduced so that a great amount of 
convcntiona] software resources can be utilized. 

However, the optical head which has been designed 
for a thin substrate cannot be used for an optical disc of 
a thick substrate. The reasons will now be described 
hcreinbeiow. The objective lens for an optical disc has 
hcza designed so as to set off a spherical aberration 
wiiich occurs when the converged beam passes in the 
disc substrate. Since such an aberration is corrected in 
accofdajjce with the thicScncss of the di.?c substrate, the 
aberration correction is not accurately performed for 
the converged beicn which passes through the disc 
stibsrratc having a Lhicbitss di.Terc.nt from the design 
vaJue. Tne above point will now be cjtplained with 
reference to the drau,-ing. FIGS- ISA and 18B are sche- 
matic side eievaticnal views for c'xplaining a situation of 
the occarreace of the aberration due to the disc sub- 
strates having different thickjies.'^s. FIG. 18A is a dia- 
gram in the case of using aji objective lens which has 
been designed for a thin disc substrate and shows traces 
of lights in a state in which a b<am has been converged 
through the disc substrate having the sanic thicitncss as 
the design value. In the diagram, a broken line indicates 
the surface of a recording layer and ail of the lights 
emitted from the objective Ic.is are converged to one 
point 0 on 'he recording layer surface. FIG. 18B is a 
diagram in the case of using ar. objective lens which has 
been designed for the same thin disc substrate as thai of 
FIG. ISA aiid shows traces of iighls in a state in which 
the beajn has been converged '.hrough the disc substrata 
having a thickness which is rhicitcr than the design 
value. In FIG. ISB. the lights eaiiltcd from the outer- 
most peripheral poraon of the objective lens are con- 
verged to a poLnt O' on the recording layer sunace. 
However, the light locating near the optical a^is is con- 
verged at the front side. Such a phenomenon is caUed a 
spherical aberration. Whenever tlie ter:n "ai^erration" 
is u?ed hereinafter, it means -oiierical aherraiion. 

When such an aberration occurs, 
the objective lens cajtnot converge the light beam until 
what is called a diiT.'action Ii:::it. Tnere.''crf, in the case 
of using the objective Icn.s whose abe.-ration has been 
corrected for a thin disc suhst.-ate. an information signal 
caji.not be recorded, reproduced, or erased onto/from 
an optical disc having a thick, disc substrate. Simiiarly, 
in the case of using the objective lens whose aberration 
has been corrected for a thick disc substrate, an infor- 
mation signal cannot be recorded, reproduced, or 
erased onto/frOEn an optical disc having a thin disc 
substrate. 

SUMM.\RY OF TliE INVENTION 
In consideration of the above drawbacks, it is an 
object of the Invention to provide an optical disc appa- 
ratus wliiich can record, reproduce, or erase information 
signals onlo/frcm a plurality of optical discs in which 
thicknesses of disc substrates are duTeren;. 

To accomptlsh the above object, according to the 
invention, there is provided in optica! disc apparatus 
for recording, reproducing, or erasing iufcrmaiion sig- 
nals onto/frotu an optical disc by converging light 
fluses onto a record'ung layer tb-rough a transparent disc 
substrate, comprising: N converging means whose aber- 
radons havcbeea corrected for N CNS2)di5C substrates 
having diffe.-ent thicknesses, respectively; disc discrimi- 
nating means fordiscrinninating the thickness of the disc 
substrate of the optica! disc winch been loaded and 
for generating a discri.-ninaticn signal according to the 
result of the discrlnrJnation: and control means for se- 
lecting one of the converging means in which the oc- 
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cuiTcncc of th« aberration due to the disc substrate is 
smaJicst in accordance with she discrimination signal. 

BRIEF DESCRIFTION OF THE DRAWINGS 

FIG. 1 b a canstruclionaJ diagrajn of an optical disc 

apparatus according to tbc fust embodiment of the 

inv<:ntion; 

FIG. 2 is a ptan view showing an arrangiment of a 
main section of the optica] disc apparatu.s in the first 

FIGS. 3A ar.d 38 are perspective views of cartridges 
of optica] discs b the first c.T!bc<iimcnt; 

FIGS. 4A and 4B are schematic diagrams showing 
cross sections of the optica! discs and states of conver- 
gences by objective lenses in the first ernbodimcat; 

FIG. 5 is a ccnstructionaJ diagram of an optical disc 
apparatus according to the second erabodiineni of the 
invention; 

FIG. 6 is a detailed cc.-.struclionaJ diag.-an: of optica] 
heads in the second embc-diment; 

FIG. 7 is a constructional diagram of an optical disc 
apparatus according to the third esibodimer.t of the 
inve.ition; 

FIG. 8 is a dsUilcd constrjctionai diagrat^ of an 
opticai head in the tiiird e.-nbc<:im:.Tt: 

FIGS. 9A and 93 are a detailed constructional dia- 
gram of an optxal head of an optical disc apparatus 
according to the founh embc<::rt:ent of the ir.vsnticn; 

FIG. 10 is a cross secticnai view showLng optical 
discs whose substrate thicknesses are different and con- 
verging sutcs by convergence grating couplers which 
have bcc.T designed in correspondence to the optical 
discs according lo the fifth embodiment, respectively; 

FIG. 11 is a" schematic persp<ctive view showing a 
constmction of an optica! head of an optical disc appa- 
ratus in the F.fth embodiment; 

FIG. 12 is a schematic perspective view showing a 
constrjcticn of a.-, optical head of an optical disc appa- 
ratus according to the sixth emb-odiment of the inven- 
tion; 

FIG. 13 is a schematic perspective view showing a 
construction of an opticai head cf an optical disc appa- 

vcntion; 

FIG. 14 is a bic-ck diagram showing a constructica of 

FIG. 15 is a bicck diagra.m showing a cocstnjcticn cf 
an optical disc apparatus according to the eighth em- 
bodiment of tiie invention; 

FIG. 16 is 3 schematic eniarg'td perspective view 
showing a convergence gratitig coupler of an optica! 
bead, an SAW transducer, and a ponion in which sur- 
face acoostic waves have been fonred Ln the eighth 
ernbodinicnt; 

FIG. 17 is a charactc.-^stic diagrais for txpiaitiir.z the 
principle of the tracking control in the eighth er-.'oc-di- 
tcenc; and 

FIGS. ISA and ISB are schematic sice elevationa; 
to disc substrates having dilTerent thic'tnesses. 

DESCRIPTION OF THE PREFERRED 
E.M30DIMENT 

Emtjodiments of the invention will be described he.'-e- 
inbciow on t!;c assumption that thicknesses of disc sub- 
strates arc set to tv. o kinds cf thicknesses. 

FIG. 1 is a cans;.-acticnai diagram of an optica! disc 
apparatus in the first e.-nbodiment of the invention. FIG. 
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2 is a pian view showing an arrangement of a main 
section of the embodiment FIGS. 3A and 3B are per- 
spective views of cartridges of optical discs in the em- 
bodimeat. 

In FIGS. 1 to 3A and 3B, reference numeral 1 de- 
notes a first or s«cond optical disc. Thicknesses of disc 
substrates of both of the first and second optical discs 
are difTerent. Re-^c.-cnce nuineraJ 2 denotes a cartridge 
which encloses the optical disc 1 and protects. The 
cartridge 1 is made of pjastics or the like. Reference 
numeral 3 denotes a first optical head and 5 indicates a 
second optica] head. Each of the optica] heads is con- 
structed by a converging optical systes: comprisbg: an 
objective lens; a semicocducrcr laser; a photo detector; 
a beam splitter; and the Ijic (ail of the above compo- 
nents are not shewn). Each of the optical head detects 
an information signal, a foc-osing error signal, and a 
tracking error signal which have been recorded on the 
optical disc 1 on the basis of an intensity or an intensity 
distribution of the rcHectcd lights of a laser beam irradi- 
ated onto the optical disc 1 and generates a photo dciec- 
tian signal to the outside. An information signal is re- 
corded onto or erased from the optical disc 1 by modu- 
lating an intensity of the laser beam. Both of the optical 
heads have bases tc hold the above optical devices and 
actuators. A reproduction infcnr.aticn sigrxa], a fociislTig 
error signal, and a tracking error signal which arc gen- 
erated from the photo detector of the fL'-st optical head 

3 arc expressed by S\, Fj, and T;, respectively. Similar 
signals which arc generated froin the photo detector of 
the second optical disc 5 are aiso expressed by Sj, Fj, 
and Ts, respectively. Rct'erenoe numeral 4 denotes a 
first linear motor which is arranged below the optical 
disc 1 and moves the .first optical head 3 In the radial 
dirccaon of the disc in paraJlc: with the disc surface. 
Reference numeral 6 denotes a second linear motor 
which is arranged below ihe cpdcal disc 1 so as to face 
the first linear motor 4- and moves the second cpucai 
head 5 in a manner similar to the first optical head 3. 

As shown in FIG. 2, the second linear motor 6 is 
extended ontil the fur.her outside of the outermost pe- 
ripheral portion of the optical disc 1. Tncrefore, when 
the second optical head 5 moves to the outermost side, 
the opdcal head 5 is projected frotn the lower s-crface of 
the optical disc. Reference numeral 7 denotes a discrim- 
Laation hole formed on the s-urface of the cartridge 2. 

The cartridge in the embcciment will now he de- 
scribed with refere.ice to FIGS. 3.A. and 3B. The dis- 
crimination hole 7 is closed in *J;e case where the optical 
disc 1 enclosed in the cartridge is the first opricai disc 
shown in FIG. 3A and is open in the case where it is the 
second optical disc shown in FIG. 3B. Reference nu- 
meral 23 denotes a slice shutter. SL-.ce the opricai disc 
apparar'-s of the embc<iiment ha^ twc opdcal heads, v^o 
slide shuners are provided. When the cartricgcs are 
removed from Lhc optica! disc apparatus, the slice shut- 
ters are closed to protect the internal discs from dusts. 

Reference nim:era! 8 d-.?otcs a light emitting dicdc 
Cccremafter, abbreviated tc an LED) which is arranged 
so as to be located over the discrimination hcie 7 when 
the cartridge 2 has been loaded into the optical disc 
sppararus of the embcdimeat. Reference numeral 9 
denotes a photo diode arranged at a position so as to 
face the LED 8 through the canricge 2. Tne photo 
dicdc 9 generates a detection signal to a system control- 
ler 22, which will be e.xpiamed hcreLniater. Refirc.nce 
numeral 10 denotes a first $e:ector for selecting either 
one of the first group of photo detection signals (S;, F;, 
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and Ti) of the first optica! head 3 and the second group 
of photo detection signals (Si, Fj, and T:) of the second 
optical head 5 and for outputting the selected signals. 
Reference numeral 11 denotes a tracking control circuit 
which receives the tracking error signal Ti or Ti from 
among the output signals of the first selector 10 and 
generates a tracking actuator driving signal to a second 
selector 12, which will be e;tp!a!ned hereiniatcr. Fur- 
ther, reference numeral 12 denotes the second selector 
to select either an actuator of the first optical head 3 or 
an actuator of the second optical head 5 as a destination 
to which the tracking actuator driving signal is sup- 
plied. Reference numeral 13 denotes a focusing control 
circuit which receives the focusing error signal Fi or 
from among the signals which arc generated from 
the first selector 10 and generates a focusing actuator 
driving signal to a third selector 14, which will be ex- 
plained hcreinlater. Further, reference numeral 14 de- 
notes the third selector for selecting either the actuator 
of the first optical head 3 or the actuator of the second 
Optical head 5 as a destination to whJch the focusing 
actuator driving signal is supplied. Reference numeral 
15 denotes a linear motor control circuit which supplies 
a driving signal to a fourth selector 16, which will be 
explained hcreinlater, by a control sigria! which is sup- 
plied from the syslcm controller 22, which will be de- 
scribed hereiniater. Refere."ce numeral 15 denotes the 
fourth selector to select either the first linear motor 4 or 
the second linear motor 6 as an output destination of the 
driving signal supplied from the linear motor control 
circuit 15. Reference numeral 17 denotes a spindle con- 
trol circuit which receives the reproduction informa- 
tion signal S| or S: and generates a control ourrc;it to a 
spindle motor 18, which will be e.-^ptained hereiniater. 
Reference numeral 18 denotes the spindle motor to 
rotate the optica! disc 1. Reference numeral 19 de.iotes 
a signal processing circuit for executing signal processes 
such as demodulation and/or decoding or the like to the 
input signal S^or S;, for converting into an audio signal 
or the like, or for outputting the inl'crmation S'.gr.al to be 
recorded onto the optical disc 1 to an LD driving cir- 
cuit 20, which will be explained hereiniater. Re.'e.-ence 
numeral 20 de.-.otcs the LD driving circuit to supply a 
driving current for allowing laser beams to be e.T.itted 
from the semiconductor lasers of both of the optical 
heads to a fifth selector 21, which will be explained 
hereiniater. Reference numeral 21 denotes the fifth se- 
lector to switch the output destination of the above 
driving current to either one of the first and second 
optical heads 3 and 5 in accordance with a control sig- 
nal from the system controller 22, which will be ex- 
plained hcreinlater. The s>'Stem coniroiler 22 generates 
the driving current for allowing the LED 8 '.o esiit the 
light and receives the detection signaJ from the photo 
diode 9 and generates control signals to the first to fifth 
selectors 10, 12, 14, 16, and 21. The system ccntrolkr 22 
also generates control signals to the linear cnotor con- 
trol Circuit 15 and the signal prccessing circuit 19. In 
FIG. 1, switching terminals in the first to fifth scicctors 
10, 12. U, 16 a;id 21 on the fir^t head side arc designated 
by "A" and those on the second head side arc destg- 
nated by "H" in the diagram. 

The first optical disc is a CD or an optical disc havLng 
a recording density similar to that of the CD and a 
thickness of the disc substrate is set to d; as shown in 
FIG. 4A. For instance, assuming that the optical disc 
shown in FIG. 4A is a CD, d|il.2 m.m, Tr.: second 
optical disc is an optical disc which can execute a re- 
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cording at a higher density than that of the Ttrst optical 
disc and a thicitness of the disc substrate assumes di as 
shown in FI<j. 48. To reduce the aberration of the 
converged spot due to a tilt error, the thicioiess 62 of the 
second opticaJ disc is designed so as to be smaller than 
di- For example, di=0.3 ma:. 

The firs: optical head 3 has, for instance, a semicon- 
ductor laser of a wavelength of 7SQ nm and an objective 
Jens of an NA of 0.45, so (hat (he laser beam can be 
converged to s spot diameter 4) of about 2.1 p.m. In 
addition, an optical design of the objective lens has been 
made so as to correct the aberration by the disc sub- 
strate of the thicioiess dj. The second optical head £ has, 
for instance, the same sctniconductor laser as that of the 
first optical head and an objective lens of an NA of 0.8, 
so that the laser beam can be converged until a spot 
diaji5cter of 1.2 fitn. Moreover, an optical dcsi^ of the 
objective Ic.TS has been made so as lo correct the aberra- 
tion by the disc substrate of the thickness di- 

In Fig5. and 4B. respective focal disiances 
FD .-^nd vvorkini.' cii.slance.s Wp are .shown. 

The operation of the optical disc apparatus of the 
ctnbodircent constructed as mentioned above vriU aow 
be described herelnbelow. 

First, the case where the ca.nridge 2 enclosing the 
second optical disc has been loaded Into the optical disc 
apparatus of the •robodiment will be described. When 
the canridge 2 is loaded, the LED 8 emits the light ard 
the photo diode 9 detects the presence or absence of a 
transcnisoicn light wruch passes through the discrimina- 
tion hole 7. As already described in conjunction w-ith 
FIGS. 3A and 3B, since the discrimination hole 7 is 
open in the esse of the second optica! di.'JC, llic photo 
diode 9 detects the transmission light .xnd generates a 
detection signal to the controller 22. Tne controller 22 
determines that the disc in the loaded cartridge 2 Is the 
second optical civ:, so that the controller 22 supplies 
control signals to the fi.'-s! to fifth selectors IG, 12, 14, 16, 
and 21 so as to select the tcrsiinais B on the second 
optical head side. Tnus, the semiconductor laser of the 
second optical head 5 is selected as an output destina- 
tion of the driving current winich is supplied I'rca the 
LD dri-.Tngc-rcuit 20. Tne photo detector of the scccnd 
optica! hesd 5 is selected as an input destinattca of the 
tracking control circuit 11, focusing control circuit 13, 
spindle control cL'-cuit 17, and signal pr.occssLng circuit 
19. The actuator of the second optical head 5 is selected 
as an output destination of the actuator driving signals 
of the tracking cc.-itrol circuit 11 and .'bcusing control 
circuit 13 The second linear motor 6 is selected as an 
output destination of the driving current of the ILnear 
motor control circuit 15. 

Thcre.''or:, the second optical head 5 irradiates the 
laser beam and converges onto an Lnfcmtstion track on 
the optical disc I without an aberration. Simuita- 
neously, the second cptical head S detects the rcHccted 
lights frcE Lhe disc and generates the information signai 
Si, focusing error signal F2, and trackj.^g error signal 
Ti- Tnose signals are supplied through the first selector 
10 to the respective circuits. Toat is, the signal S; is 
supplied to the spindle control circuit 17 and signal 
processing circuit 19. Tne signal F2 is supplied to the 
focusing control circuit 13. The signal Ti'is supplied to 
the tracking control ctrctiit 11. The tracking control 
circuit 11 produces the tracking actuator driving signal 
in accordance with the signal T2 and supplies to the 
actuator of the seco.id optical head 5 through Ihs sec- 
ond selector 12, thereby eliminating the (racking error. 
In a maimer similar to the above, the focusing control 
circuit 13 aiso produces the focusing actuator driving 
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signal in accordance with the signal Fi and supplies to 
the actuator of the second optica] head 5 through the 
third selector 14., thereby ciiminating the foc^ising error. 
The linear motor control circuit 15 generates the driv- 
mg current to the linear motor 6 in response to the 
control sigaai from the system controller 22, thereby 
moving the second optica! head 5 in the inner or outer 
rim direction of the optical disc 1. The spindle control 
circtut 17 extracts a clock component from the informa- 
tion signal Siand controls the spindle notcr 18, thereby 
rotaciag the optical disc 1 at a constant linear velocity 
(CLV) or a constant angular velocity (CAV) or the liie. 
The signal processing circuit 19 executes signal pro- 
cesses s-ach as demodulation, deoodisg, and the like to 
the information signal Sj in the reproducing mode and 
generates to the outside as audio or video sigirais or the 
liie. On the other hand, the signal processLig circuit 19 
cTiecutes signal processes such as encccing, modulation, 
and the liie to the audio or video signals or the like 
which have been supplied from the cutsidc in. the re- 
cording mode and generates to the LD driving circuit 
20 as a recording signal. Until the canndge 2 is loaded, 
the second optica; head 5 records or reproduces the 
information signal onto/from the second optical disc 1. 

On the other hand, b the case where the cartridge 2 
enclosing the first optical disc has been '.oaded into the 
optical disc apparatus of the embodiment, since the 
discrimination hole 7 is closed, the phcto diode 9 do- 
esn't detect the transmission light. Therefore, the sys- 
tem controller 22 determines that the disc in the car- 
tridge 2 !s the foregoLng firs: optical disc. Tnus, the 
controller 22 generates control signals to the first to 
fifth selectors 10, 12. 14-. 16, and 21 so as to select the 
terminals A. on the first optica! head sice. Therefore, the 
semiconductor laser of the tlrst optical head 3 is selected 
as an output destmaticn of the driving current which is 
supplied from the LD driving circuit 20. Tne phcto 
detector of the first optical head 3 is selected as an input 
destiitation of the tracki-.g control cu-cu:; II, focusing 
control circuit 13. spi.idle contrc! circuit IT, and sig-al 
processing circus: 19 The actuator of i-i tlrst opticai 
head 3 is selected as an output destination of the acrua- 
tor driving signals of the :.-ack;ng contrci circuit 11 and 
focusing control circuit 13. The first linear motor 4 is 
selected as an output destmaticn of the driving current 
of the lintar meter control cL-cuit IT. Toerefore, the 
first optica] head 3 L-radiates the laser beam and con- 
verges onto the information track on the optical disc 1 
without an aberraticn. SLmuita-neousIy, the reflected 
liglsts from the disc are detected and generated as the 
information signal S;, focusing error signal F-,, and 
tracking error signal Ti. The abcve signals are supplied 
through the first selectors 10 to the respective circuits 
Tnat is, the signal S; is supplied to the sptndle control 
circuit 17 and signal prcoessing circuit 19 The signal 
Fi is supplied to the fccusmg control cu'cuit 13. Tne 
signal Ti is supplied :o the tracking e.Tcr dctectmg 
cL-cuit 11. Tne subsequent cperatio.ns a.'e similar to 
those in the case of the second optical disc mentioned 
above. 

In the case where the objecnve lens of the second 
optical head is a icns of a iligh N.A. and a shcr. operating 
distance, it is necessary to set an Lnte.-/a] :>:tweea the 
second optica! head 5 and the surace of the optical disc 
1 to be fairly narrow-gr than that Ln the case cf the first 
optical head 5. Tnerefare, whiie the first opncai disc is 
loaded, the controller 22 controls the second iinccx 
motor S, thereby cncving the second optical head 5 to 
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the outside of the disc surfaci as shown in FIG. 2. Due 
lo this, it is possfoie to prevent that the objective lens of 
the second optical head 5 coUides with the optical disc 
I due to a surface oscillation. 

As described above, accordbg to the embodiment, 
by providing the first optical head 3 and second optica] 
head 5 having convergence optical systems corxespcind- 
ixig to the thiciu3ess« of the disc substrate of the first 
and second optical discs, the signal can be preferably 
recorded, reproduced, or erased by the optical head 
suitable fcr the thickness of each disc substrate. More- 
over, by providing the discriinisaCiQa hcle 7 formed on 
the cartridge 2 and the disc dLscriminating means com- 
prising the LED 8 to detect the opeaing.''cicsurc of the 
discriminatioa hoic 7 and the photo dic<!e 9, n:ereiy by 
loading the canridge 2, each of ±e optical heads can be 
automaricaUy accurately seiec:ec. 

FIG. 5 shows a constructior^ diagram of an optical 
disc apparatus according to the second embodiment of 
the invention. In the dLagra::c. the second embodiment 
differs from the foregoing Srst embodiment w-iih re- 
spect to a point that a third opricai head 30 is arranged 
in place of the first and second opdcal heads 3 and 5 and 
a point that the second, third, and four,h seiectors 12, 
14, and 16 arc omitted. That is. the tracidng actuator 
driving current which is gene.'ated from the tracking 
contra! circuit 11 and the focusing actuator driving 
current which is generated from the .focusL-.g control 
circuit 13 are directly supplied tc the third optical head 
30. Tne driving current wiiich is generated from the 
linear motor control circuit 15 is direcdy supplied to the 
first linear motor 4. 

Further, FIG. 6 shows a detailed constmcnonai dia- 
gram of the third optical head 30 b the second embodi- 
ment of the invention. In the diagram, reference nu- 
meral 1 denotes the llrst or second optical disc; 32 a first 
semiconductor laser as a iight source; 33 a first coilimat- 
ing lens for converting a laser beam from the fu^t semi- 
conductor laser 32 into a paraiic; beam; 34 ilrst beam 

mirror to change the dJecticn of the beam: 35 a first 
objective lens to ccnvcrge the beam onto the optical 
disc 1; 37 a fu-st detecting le.ns to converge the re.Hccted 
lights which have been divided by the beam splitter 34; 
and 3S a first photo detector to obtain an information 
reproduction signal, a focusing error sigr.ai, and a track- 
ing error signal from the converged retlected lights. 
The above components 32 to 33 ccosimc: a fL-st con- 
verging optical system 31. 

Reference aumeral 39 denotes a lens holder to hold 
the first objective lens 36 and a second objective leas 46, 
which wiU be etsplained heremiater. Reference numeral 
40 denotes an actuator to supper the ices hoider 39. 
The driving currents arc suppiied t'rcm the t.-ack^-.g 
control circtiit 11 and focusing contrr: circuit 13 to the 
actuator 40. 

Kefereacc numeral 42 denotes a second se.miconduc- 
tor las<:r as a light source; 43 a sc-cond coLlimating lens 
tc conve.t a laser beam from the scccr:d semiconductor 
laser 42 into a parallei beam: 44 a second beam splitter 
to divide the beam into two beams; 45 a second tnirrcr 
to change the direction of the beam; 46 the second 
objective lens to converge the beam onto the optical 
disc 1; 47 a second detecting !cns to converge the re- 
flected lights which have been divided by the second 
beam spiirter 44; and 48 a second photo ceiectcr to 
obtain the information reproduction signal, focusing 
error signal, and tracking error signal frcn the con- 
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verged reflected lights. The above components 42 to 48 
construct a second converging optica! systeai 41. The 
above first converging optica! system 31, the second 
converging optical system 41, and the actiutor 40 are 
mounted on a same base member (not shown) and con- 
struct the third optical head 3Q. The base member is 
ordinarily made of alurainum or the like and is attached 
to the first linear motor 4. 

In a manner similar to the case wh:ch has been de- 
scribed in the first embodiment of the invention, for 
instance, the first objective lens 26 is designed so that 
NA=0.45 and the 2b<rration by the disc substrate of a 
thickness d t is corrected. Tne second objective ler^ 46 is 
designed so that, for instance, NA=O.S and the sbcrra- 
rion by the disc substrate of a thickness d: is corrected. 

The operation of the optica] disc apparatus of the 
embodiment constrjctid as mentioned above will now 
be described hcrtinbclcw. First, the case of the second 
Optical disc will be explained. Vt"hen the cartridge 2 is 
loaded into the optical disc apparatus of the embodi- 
ment, the LED 8 emits the light and the photo diode 9 
detects the presence or absence of the transt^ission light 
which passes through C^e discrimination hcie 7. If the 
transmission light has been detected, the system con- 
troller 22 determines that the disc in the leaded car- 
tridge 2 is the second optical disc, so that the controiler 
22 selects the second converging cpricai system 41 of 
■the third optical head 30. Tnat is, the syste.-n ccnt.'oiler 
22 generates control sigr-.ais to the ."irst and f.r.h seiec 
tors 10 and 21 so as to make the second semiconductor 
laser 42 and the second photo detector 4S operative. 
Tne laser beam emitted from the second semiconductor 
laser 42 is converted into the parailei b'esm by the sec- 
ond coiliraating lens 43. The parallel beam is converged 
onto the second opucal disc 1 by the second objective 
lens +6 through the second beam splitter 4-i. and the 
second cL-ror 45. The laser beam retlected by the disc 
is again convened into the parsilei beam by the second 
objective lens 46 and is separated from the optical axis 
by the second beam splitter 44 through the second roir- 
ror 45 and is converged onto the second photo detector 
AS by the second detecting lens 47. 

The second photo deteotor 4S produces the L-.."crma- 
tion signal, focusing error signal, and :r2oki.-.g error 
signal from the converged rejected light from the disc 
and supplies to the first selector 10. The aotuatcr 40 
finely moves the le.ns holder 39 ir. '±: trackng and 
foctaing directions by the driving currents from the 
tracking control circuit 11 and the fco'osmg oor.t.-ol 
circuit 13. thereby accurately convcrg-_ng the laser 
beam onto an inlbrmation track on the opucal disc I. 

Since the operations of the fu'st linear motor i, fust 
selector 10, tracking control circuit 11, focusing oontroi 
circuit 13, linear motor control ctrcui; 15, spiitc'.e con- 
trol cL-ouit 17, spindle meter IS, Signal process-ng cir- 
cuit 19, LD driving ctrcu-.t 20, I'lfth selector 21, and 
system controller 22 arc substantially the same as the 
optical disc apparatus of the t'lrst embod-Lmeot men- 
tioned above, their descriptions are oottitted here. 

On the other hand, in the case of the tlrst optical disc, 
since the photo diode 9 dc«n't detect the L'ansmission 
light, the system controller 22 decides that the disc in 
the loaded cartridge 2 is the t'rst optical disc mentioned 
above, so that the controller 22 selects the tlrst ccn'/erg- 
icg optical system 31 of the third optical head 30 That 
is, the system controller 22 generates oontroi signals to 
the first and fifth selectors 10 and 21 so as to make the 
first semiconductor laser 32 and the firs: photo detector 
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3S operative. The operation of the first converging 
optical system 31 is substantially the same as that of the 
second converging optical systesi 41 tneationed above. 
Until the cartridge 2 is uaioadcd, the recording, repro- 
duction. Of erasure of the information signal onto/from 
the first optical disc is executed by the firs: converging 
optical system 31. 

As described above, according to the second embodi- 
ment, m addition to the effect by the first czrbodiment, 
since the first converging optical systcs 31 and the 
second converging opdcaJ system 41 are aounted on 
the same base and construct the third optical head 30, 
the linear motor can be comxDcnJy used as a singie pan 
and the number of pans caxi be reduced. 

FIG. 7 shows a constructional diagram of an optical 
disc apparattis according to the third embocimeat of the 
invention. In the diagram, the third embodiment differs 
from the second embodiment with respect to a point 
that a fourth opdcal head 50 is arranged in place of the 
third optica] head JO and a point that the firs: selector IQ 
and the fifth selector 21 arc omir.ed. Taat is, the photo 
detection signal which is gc.-cratcd frotn the founb 
optica] head 50 is directly supplied to the tracking con- 
trol circuit 11, focusing control circuit 13, spLndle con- 
trol circuit 17, and signal processing circ-Jt 19. The 
driving current wtiich is generated from the LD driving 
circuit 20 is directly sunoiied to the founh optical head 
50. 

Further, FIG. 8 shows a detailed constructional dia- 
gram of the founh optical head 50 in the third emtjodi- 
ment of the invention. In the diagram, reference nu- 
meral I denotes the first or second optical disc; 32 the 
first semiconductor laser as a light source; 33 the first 
coilimating lens to convert the laser beam frcir the first 
semiconductor laser 32 into the parailei b<;am; 34 the 
first beam splitter to divide the laser b«am into two 
beams; and 35 the Fu^t m;irror to change the erection of 
the beain. Ttie first objective [e.ns 36 a.-.d ±e second 
objective lens 4^ are the same as diose mentioned in the 
second embodiment of the invention. The first objective 
lens 36 is arranged between the first mirror 35 and the 
optical disc 1. The second objecriv; icns 46 is arranged 
between the first beam splitter 34 and the opt:cai disc 1. 
Moreover, as mentioned in the foregoing em'cocimcnt, 
the aberration of the first objective icns 3€ has been 
carrected in correspondence to the first opdcal disc 
having the disc substrate cf the t.hickness di. Tnc aber- 
ration of the second objective lens 46 has been cor- 
rected in corrcsp>ondence to the second optical disc 
having the disc substrate of the thickness d:. Reference 
numeral 51 denotes a first shutter arranged bcr^-een the 
first objective lens 36 and the first mirror 35 and on the 
optica] path which passes through the firs: objective 
lens 26. Re.''crcnce numeral 52 dctjotcs a scccod shutter 
which is arranged 'ocr^-scs the second objective lens 46 
and the first beam splitter 34 and on the cp::cai path 
wiiich passes through the second objective ices ^6. Tile 
first and second shutte.-s 51 and 52 open or ciosc the 
opticii paths by control signals from the system ccn- 
troDe.-s 22, respectiveiy. P.efcrence numerai 37 denotes 
the fust dctecdng lens to converge the reflected lights 
which have been divided by the beam splitter 54. Refer- 
ence numeral 3S denotes the first photo dctsctor to 
obtain the information reproduction signal. fccusLng 
error signal, and tracxiig error signal from the con- 
verged reflected light. 

Among the foregoing component elements, the firs: 
objective lens 26 constructs the first converging cpticat 
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systetn mentioned m the second embodiment of the 
invention together with the first sesaiconductor laser 
32, the first coilimating lens 33, the first beam spiittcr 34, 
and the first mirror 35. The second objective leas +6 
constructs the second converging optical system to- 
gether with the first scniiconductor laser 32, the first 
coilimatmg lens 33, the firs: beam splitter 34, and the 
first Eairror 3S which are commonly used for the first 
converging optical system. Tee first converging optical 
system is mounted onto a common base (not shown) 
together 'Aath the firs: and second shutters 5 and 52, 
thereby constructing the founh optical head 50. Since 
the !ea5 holder 39 and the actuator *Q have the same 
constrjction as those In the third optical head 30 in the 
second embodiment, their dcscriptior^ are omitt«l here. 
Tnc founh optical head 50 is attached to the first linear 
motor 4. 

The operation of the optical disc apparatus in the 
embcdime.nt with the above cocstmc'ion Vr-ill now be 
described hcre*lr.b<:!ow. Tne kizd cf opdcai disc is de- : 
tected in a manner similar to the above. V/nea the sys- 
tem controller 22 dete.Tmncs that the disc in the loaded 
car.ridge 2 is the second optical disc, the controller 22 
generates control signals to the firs; and second shutters 
51 and £2 of the fourth optical head 50 When the con- : 
troi signals are supplied, the fust shuner 51 is closed and 
the second shutter 52 is op-en. In the above state, the 
laser b<iam emitted from the first jemiccnductor laser 32 
is converted into the parallel beam by the rlrs: callima:- 
ing lens 33 and is divided into the iranszmssion light and 
the reflected light by the ."irst beam splitter 34. The 
transmission light is shut out by the firs: shutter 51 via 
the first mirrcr 35. Consequently, only the reflected 
light passes thj-ough the second shutter 52 and is con- 
verged onto the optical disc 1 by the second objective 
lets 4<S. The light re.lected by the optical disc 1 is again 
converted into the parallel iight by the second objective 
lens 44 and passes rhxough the second shutter £2 and is 
reflected and separated by the first beam splitter 34 and 
is converged onto the first^phcto detector S8 by the fu-st 

the focusing error signal and tracSdng error signal from 
the converged reilected light of the disc and reproduces 
the infcrmaiion signal on the disc. The above op-eraticns 
are executed until the cartr.cgi 2 is unloaded. 

Since Che operadcns of the fu-st linear motor 4, track- 
ir.g cc-trol circuit 11, focusing control circuit 13, linear 
motor control circuit 15, spLidle control circuit 17, 
spindle motor 18, signal processLng circuit 19, LD driv- 
ing circuit 30, and system contrciiler 22 axe the same as 
those in the optical disc apparatus of the foregoing first 
embodiment,^ their descr.ptions ai-e omutted here. ^ 

miincs that the disc in the loaded car.ridge 2 is the fL'st 
optical disc, the tl-st shutter 51 is opened and the second 
•shutter 52 is ciosed. In the above siiatc. in the transmis- 
sion light and the retl-ctcd Ugh: by the tlrst beam split- 
ter 34, the reflected light is shut ou: by the seccnd shut- 
ter 52 and only the transmission light passes thj-ough the 
first shutter 51 and is converged onto the optical disc 1 
by the first objective lens 3^. Tne other operations are 
executed in a manner similar to those Ln the case of the 
sccond^optical disc. 

meni, L-. addition to ths e.~sc:s by the second :mbo<ii- 
ment, since the first and second shutters 51 and 52 axe 
provided as light flu.- selecting means, the semicc-nduc- 
tor laser, coiihTiating lens, beam spiitter, detecting lens, 
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the parallel light by the first coHimating lens 33 and is 
reflected by the first beam splitter 34 and is converged 
onto the optica! disc 1 by the second objective iens 46. 
The light reflected by the optical disc 1 is again con- 
verted into the parallel light by the second objective 
lens 46. The parallel light passes through the first beam 
splitter 34 and is converged onto the first photo detec- 
tor 3S by the first detecting lens 37. The first photo 
detector 38 generates a photo detection signal in a man- 
ner simiiar to the above. The above operations axe e:5e- 
C'Jted until the optical disc 1 is unloaded. 

On the other hand, if the sysieci ccntroller 22 decides 
that the disc in the loaded canridge 2 is the first optical 
disc, the slider 55 neves the wave front correcting ier^ 
54 to the position ?2. Thus, the laser beam emitted from 
the first semiconductor la^er 32 passes through the 
wave front correcting lens 54 and the second objective 
lens 46 and is converged onto an infonnation track on 
the optical disc 1 without an aberration. Thus, the oper- 
ations similar to those in the case of the second optical 
disc are executed. 

As mentioned above, accordLig to the embodiment, 
in addition to the effects by the second embodiment, 
since the wave frcnt correcting le.ns 54 serving as an 
aberration correcting means is held by the slider 55 and 
is movabiy arranged, the objective Ictjs can be com- 
monly used and a total mass which must be moved by 
the actuator 57 can be reduced. Thus, a burden to the 
driving force of the actuator can be reduced and a low 

The optical head 50 in the fcunh embodimerjt has the 
second objective lens 46 correspondLng to the optical 
disc having the disc substrate of the thickness di and, 
funher, corrects the aberration to the optical disc hav- 
ing the disc substrate of the thickness di by the wave 
front correcting lens 54. However, an opposite con- 
straction can be also used. Na.meiy, the above effect is 
also de.nved by a ccnstrjction such that the first objec- 
tive lens 36 corresponding to the optical disc of the disc 
substrate of the thJckness d] is used in place of the sec- 
ond objective lens 46 and a wave frcnt correcting lens 
which has been designed so as to correct the aberration 
due to the disc substrate of the thickness d: is provided. 

Although the above three embodiments have been 
described with respect to the case where there are two 
kinds of thicknesses of the disc substrates, the invention, 
can be also applied to the case of three or more kmds of 
thicknesses of the disc substrates. In such a case, the 
number of optical elements such as objecavc lenses and 
the like is increased in accordance with the number of 
kinds of thicknesses of the disc substrates. Vr'iih respect 
to the discriminating .means of the optical disc, three or 
more kinds of cpricaj discs can be discriminated by, fcr 
instance, checkmg a plurality of discrimination holes 
which are formed La the cartridge. For e;tample, by 
fonnir.g n discriminating hoies, 1" kinds of optical discs 
can be discriminated. 

Furthc.', although the discrimina'.:cn hcle 7 formed 
on the canridge 2, the LED S, and the photo dic-ce 9 
have been used as disc discriminating means, paL-.ts of 
different rc.lectances can be also coated onto the sur- 
face of the car.ridge 2 in place of the discrimination 
hole or a mechanical switch or the like can be also used 
in place of the LED and the photo dices. 

Funhs.', a difference between tmcknesses of the disc 
substrates car. be also directly discriminated by a re- 
flected laser beam from the discs withoct using the 
cartridge. For e^am.pic, in '.he case of the converging 
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optical system corr«ponding to the thin disc substrate, 
a tracking error signal cannot he ordinarily obtained 
from an optical disc of a thick disc substrate due to a 
spherical aberration of the converging beans. Conse- 
quently, two optical discs having different thicknesses 
can be discriiainated by checking the presence or ab- 
sence of the tracking error signal. In such a case, there 
is an excellent cfTcc: such that the apparatus is simpliiied 
because there is no need to use the detecting means such 
as LED and photo diode and the like 

The optical head in each of the above-described opti- 
cal disc apparatuses has bcr:n constructed by a conven- 
tional optical system using the abjective lens made of a 
quartz glass or the like. An optical head in each of opti- 
cal disc apparaoises of embodiments, which will be 
explained hercinJater, differs frccn the above optical 
head and is construc'.cd by forming an optical system 
onto a thin flic wavcgdde. 

FIG. 10 is a block diagram shov«ing a construction of 
an optical disc apparaois according to the fifth embodi- 
ment of the invention. Furiier, FIG. 11 is a schematic 
perspective view showing a construction of an optical 
head of the optical disc apparatus in the i'lfth embodi- 
ment of the invention. Since a construction shown in 
FIG. 10 is substantially the same as that of the optica! 
disc apparatus in the second embodiment of the inven- 
tion shown in FIG. 5 e:tcept that a sLtth optical head 6Q 
is used, its description is omitted here. The si;:th optical 
head 60 shown in FIG. 11 v.-ill now be described in 
detail hereinbelow. 

In FIG. 11, re.ference numeral 1 denotes the same 
optical disc as that dcscriijcd in the foregoing embodi- 
ments. Reference numeral 200 denotes In information 
track formed on the optical disc 1. Reference numeral 

61 denotes a substrate formed by LiN"bOj or the like. 
The substrate 61 is attached to a bead base through a 
focusing actuator and a tracking acniator and con- 
structs the si;;:h optical head 60 together with them. 
Since the focusing actuator, tracking actuator, and head 
base which have conventionally been wei! known can 
be used as those ccmpc-nen'.5, their detailed descnpticn 
and the dra%vings are omirwed here. Reference suuneral 

62 denotes an optical waveguide formed on Lhe sub- 
strate 51 by Ti diffusion or the like; 63 a iirst semJccn- 
ductor laser coupled to an edge surface cf the op;ic3d 
waveguide 62; and 64 a first waveguide le.ns arranged 
on an optical path of the waveguide light wmch has 
been emitted from the first semiconductor laser 63 and 
entered the optical waveguide 61. For instance, a Fres- 
nel lens formed by an electron beam lithography cm be 
used as a ]cns 64. Reference numeral 65 denotis a first 
convergmg grating coupler formed on the oprical path 
cf the paraile! waveguide light. The ccupier 65 emits 
Lhe waveguide light to a position out of the optical 
waveguide 62 and converges onto the optical disc 1. 
The first converging gratmg coupier 65 is a grating 
having a chirp (irregular pencd) by a curve formed on 
the waveguide by ciectrcn beam direct drav.-ing or the 
like. Reference numeral 66 denotes a first beam splitter 
which is arrangri between the fu-st wavcg-jide le.ns 64 
and the llrst converging grating coupler 65 and sepa- 
rates the waveguide light which has been rerumed into 
the optica! waveguide 62 through the first converging 
grating coupler 65 after it had bc^n re.Tsctid by the 
optical disc 1, Reference numeral 6" denotes a Cirst 
waveguide converging lens which is arranged on the 
optical path of the return waveguide light which has 
been separated by the fu^t beam splitter 66 and con- 
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verges the rctura lighc. Reference numeraJ 68 denotes a 
first photo detector which b coupled to the side surface 
of the optical waveguide 62 and detects the retuni 
waveguide light which has been converged by the fint 
waveguide converging lens 67. 

Similarly, reference numeral 69 denotes a second 
semiconductor laser coupled to the edge surface of the 
optical waveguide 62; 70 a second waveguide lens ar- 
ranged on the optical path of the waveguide light which 
has been cniitied from the second semiconductor laser 

69 and entered the opticai waveguide 61; and 71 a sec- 
ond converging grating coupler forced on tic optica] 
path of the parallel waveguide light. Tac coupler 71 
emits the waveguide light to a position out of the optical 
waveguide 62 and converges onto the optical disc 1. 
Reference numeral 72 denotes a second beam splitter 
which is arranged between the second waveguide lens 

70 and the second converging graflng coupler 71 and 
separates the waveguide light wiiich h^ been returned 
into the optical waveguide 62 through the second con- 
verging grating coupler 71 after it had been reflected by 
the optical disc 1. Reference numeral 73 denotes a sec- 
ond waveguide converging lens which is arranged on 
the optical path of the retuirs waveguide light which has • 
been separated by the second beam splitter 72 and con- 
verges the return waveguide light. Reference numeral 
74 denotes a second photo detector which is coupled to 
the side surface of the opr.cal waveguide 62 and detects 
the return waveguide ligh: converged by the second 
waveguide converging lens 73. 

A curve chirp grating of the first converging grating 
coupler 65 has been designed in a marmer such that, for 
instance, N.A.=0.4J and the emission light can be con- 
verged until a diffraction limit and the aberration due to 
the disc substrate of the th'.ctmess d; can be corrected. 
The second converging grating cnapiir 71 has been 
designed in a manner such that, for e.tample, N*A =0.S 
and the aberration due to '±: disc substrate of the thick- 
ness di can be corrected. 

The first and second b-e^m splitters 66 and 72 are 
attached at positions wm:h are deviated so that the 
reflected light of each beam splitter dees not enter the 
other beam splitter as a stray light. 

Such an opticai waveg-.:'.ce and a waveguide type 
device have been descnb-ed Ln cetau in, for e.-tample, 
]N'ishihara, Haruna, and Saihara. "Optical Integrated 
Circuit", Ohm Co., Ltd., at the iike. In the inven- 
tion, both of the above ws:i-known optical waveguide 
and waveguide type device can be used in the optical 
waveguide 63 or the lixe. 

The operation of the optics] head in the fifth embodi- 
ment with the above constr^cticn -atH now be described 
hcreinbelow. 

If the optical disc 1 is the rj^t optical disc, the driving 
current is supplied to the tint semiconductGr laser 63. 
Then, the laser 63 emits a laser beam from one edge 
surface of the optical wav-g-jide 62. The laser beam 
propagates as a wavcg-.iide lig.Tt. The waveguide light is 
convened into the parallel iight by the first waveguide 
lens 64. The parallel light transtzits the Urst beam split- 
ter 66 and subsequently enters the fu^t converging grat- 
ing coupler 65. The coupler 65 s.xtracts the parallel light 
out of the optical waveguide 61 and convc-g-s onto the 
information track 20€ on the first optical disc 1. The 
reflected light from the disc surface again enters the 
optical waveguide 62 through the first converging grat- 
ing coupler 65 and propagates as a return waveguide 
light in the opposite direction. Further, the return 
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waveguide light is reflected in the direction of the first 
waveguide converging lens 67 m the first beam splitter 
66. The lens 67 converges the return waveguide light 
onto the first photo detector 68. Tnc first photo detec- 
tor 6S detects the infonnation signal and the servo sig- 
nals such as focusing error signal, tracicing error signal, 
and the liire which have been recorded on the first opti- 
cal disc 1 oa the basis of an intensity and an intensity 
distribution of die return waveguide light aad generates 
to the outside. By aodulating the driving current which 
is supplied to the first semiconductor laser 63, the si;sth 
optical htad 60 emits the intensity rcoduiaied laser 
beam, thereby recording or erasing the inx'orsiation 
signal onto/from the first oprical disc 1. 

On the other hand, if the optical disc 1 is the second 
opticaJ disc, the operations sisuiar to those in the case of 
the foregoing first optica! disc arc executed by the sec- 
ond semicocductor laser 69, second waveguide lens 70, 
second converging grating coupler 71, second beam 
spliner 72, second waveguide converging lens 73, and 
second photo detector 74. 

The substrate 61 is supported from the head base by a 
focusing actuator and a tracking actuator. The position 
of the substrate 61 itseif is controlled by the foregoing 
servo signals so that the laser beam is accurately irradi- 
ated onto the infomaf.on track. 200 on the disc. 

According to the fifth ecabodimerit as mentioned 
above, by providing the first converging grating cou- 
pler 65 which is fortncd on the optical waveguide 62 
and corresponds to the thickness of the disc substrate of 
the first optical disc and the second converging grating 
coupler 71 which is fonaed on the optical waveguide 52 
and corresponds to the thickness of the disc substrate of 
the second optical disc, a desired one of the couplers 65 
and 71 can be independently used In accordance with 
the kind of disc, so that the aberraticn of the converged 
spot can be corrected in accordance with the thickness 
01 the disc substrate and the signal can z-c preferably 
recorded, reproduced, or erased. Morcovc.- skicc the 
optical waveguide device havLng the converging grat- 
ing couplers is used, the size and weight of the optical 
head can b<: reduced. 

Aithough the thJckness of the disc substrate has be-.n 
set into two kinds of thicknesses Ln the fifth embodi- 
ment, the inventics can be also applied to three or more 
kinds of thicknesses of disc substrates. In such a case, 
the number of cotnpor.ent siesents oa the substrate 61 
is increased in accordance vt,-ith the number of thick- 
nesses. 

In the sij:th optical head 60, either ace of the semicon- 
ductor lasers has been allowed to emit the light. How- 
ever, it is also possible to allow both of the semiconduc- 
tor lasers to simuitaneousiy emit the lights. In such a 
case, by desigring two converging grating couplers for 
the optical disc having the same subst.-atc thickness, Two 
tracks on ±e optical disc 1 can be simuiLaneousiy repro- 
duced or recorded. Tnus. there is an e;^ceiie.it etTect 
such that the reprc<;ucing or recording transfer speed 
can be doubled. 

FIG 12 is a schematic perspective view shcv.-Lng a 
construcrion of an optical head of an optical disc appa- 
ratus according to the sLxth embocimcct of the i^ve.^- 
ticn. 

In the diagram, the sbtth cmbocimcnt has substan- 
dally the same cor.strjcticn as that of the sij^th optical 
head 60 shown in FIG. II e.Tcept a -.hard beam splitter 
81 and a waveguide mirror 82 and the same pars and 
components as those shown in FIG. 11 are designated 
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by th= same reference numerals. That is, an optical head 
of the sixth embodiraent, natneiy, a seventh optical head 
80 is constructed in the following nsaaner. In place of 
the second semiconductor laser 69 and the second 
•waveguide lens 70 in the sixth optica] head 60 shown in 
FIG. 11, the third bean splitter 81 is arranged on the 
optical path between the waveguide icns 64 and the 
beam splitter 66. In the two waveguide lights divided by 
the third beam splitter 81, the waveg-iide mirror 82 is 
arranged in the direction of the wavegdde divided in 
the direction difTerent frota the direction of the fmt 
beam splitter 66 and the position of the mirror 82 is set 
to a position where the wavegddc light reflected by the 
wavegiude aiirror 82 passes through the second beam 
splitter 72. 

The opcrarion of the seventh optical head 80 with the 
above constracticn will now be dcscr.bed hercinbelow. 

The driving Ciirrcnt is supplied to the first scaiioon- 
ductor laser 63. The laser £3 e.Tjiis a laser beam from 
one edge surface of the optical waveguide 62. The laser 
bean: propagates as a waveguide light. Tse waveguide 
light is converted into the parallel light by the first 
waveg-aide lens 64 and is divided into the transmission 
light and the reilected light by the third beam spiilter 
81. Tne transmissioa light is transferred to the first con- 
verg-jig grating coupler 65 through the first beam split- 
ter 66. The rcrlected light is reflected by the waveguide 
mirror 82 and enters the second converging grating 
coupler 71 through the second beam splitter 72. Tne 
subsesquent operations are £:tecuted in a manner similar 
to those of the sixth optica! heat 60 in Lh: fifth embodi- 
mer.t of the invention. 

According to the sixth embodiment as mentioned 
above, in addition to the eilects by the foregoing fifth 
embc-diment, by dividing the waveg'oide light emitted 
from one s^.miconductor laser into two lights by the 
third beam splitter 81 and guiding to the respective 
converging grating couplers, the number of semicon- 
ductor lasers which are used can be reduced. 

Although the sixth embodiment has been described 
on the assumpdon that the nunnber of tiiicijiesses of the 
disc substrates is set to two kinds of thicknesses, the 
invention can be aiso applied to three or mere kmds of 
thiciciesses of the disc substrates. Now, assuming that 
the number of Seines of thicknesses of the disc substrates 
is equal to N, it is sufficient to use N converging grating 
couplers and (N — 1) beam sputters for dividing the 
waveguide light emitted irom the scn-iconductcr laser. 
To eq-oalize ail of light q'oantities of the laser beams 
which ire converged onto the discs, it is preferable to 
design the beam spiiKcrs so iS to set division ratios of 
the light quantities of the beam splir.ers as follows. 



FIG. 13 is a schematic pe.-3c-:ctiv- view showing a 
construction of an optical head cf an optical disc appa- 

ve.ntion. FIG. 1^4 is a block diagram shewing 3 construc- 
tion of the optical disc apparatus. 
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A construction of the optical head in FIG. 13 wOl be 
first described in detail. 

In the diagram, since the optical disc 1, information 
track 200, substrate 61, optical waveguide 62, fint semi- 
conductor laser 63 and firsi waveguide lens 64 arc fun- 
damentadly identicai to the component elcnjents in the 
seventh optical head 80 shown in FIG 1.2, their detailed 
descriptions are omitted here. Reference numeral 91 
denotes an SAW (surface acoustic wave) transducer 
arranged on the optical wavcgmde 62 so that a surface 
acoustic wive generated by the SAW transducer 
crosses the optical path of the waveguide light emitted 
from the first waveguide leas 64. The SAW transducer 
91 is constrjc".sd by a cross finger eiecirode comprising 
a pleioeiectric transducer of ZnO or the like- Reference 
numeral 92 ir.dicatcs a surface acoustic wave generated 
by the SAW transducer 91; 96 a third converging grat- 
ing coupicr formed on the optical path of the wave- 
guide light which has been diiTracted by such a surface 
acoustic wav- 92 and propagates in the firs: dlrectior.; 
and 97 a fourth converging grating coupler which is 
likewise formed on the optical path of the waveguide 
light propagating in the second direction. Each of the 
couplers 96 and 97 emits the waveguide light to a region 
out of the optical waveguide 62 and converges onto the 
optica] disc 1. Reference numeral 93 denotes a founh 
beam splitter which is arranged between the first wave- 
guide lens 6i and the progressing path of the surface 
acousric wave 92 and retlects the waveguide light re- 
turned into the optica] waveguide 62 through the third 
or founh converging grating couplers 96 and 97 after it 
had been reHected by the optica] disc 1. Reference 
nume.-al 94 denotes a third waveguide converging iens 
which is arranged on the optica] path of the rerom light 
rstlccted by the fourtii beam spiitter 93 and converges 
the renim light and 95 indicates a tiiird photo detector 
which is coupled to the side surface of the optical wave- 
guide 62 and detects the return light converged by the 
third waveguide converging lens 94. 

The above SA""-^' transducer has also been described 
in detail in the foregoing "Optical Integrated Circuit" 
or the like and both of the well-known optica; wavs- 
g'jde and wavcg'^'de type device described in the 
above literature can be also obviously used. 

Tne operation of the optical head in the seventh em- 
bodiment with the above coRstruc'Jon wil! now be de- 
scribed hereinbelow. 

Tne first semiconductor laser 63 emits a laser beam 
from one edge surface of the optical waveg'jide 62. Tne 
laser beam propagates as a wavcg'iide light. The wave- 
guide Light is converted bto the parailci light by the 
first wavegiaice iens 64 and transmits through the fourth 
beam spiitter 93. .Aner that, the light transverses the 
surface acoustic wave 92 generated from the SAW 
trar>sducer 91. .At this time, the propagating direcdon of 
the parailci waveguide light is changed by an acoustic 
optical interaction with the surface acoustic wav; S2. 
Since a deflection angle at tius time changes b accor- 
dance with a frequency of the surface acoustic wave 93, 
the waveguide light can be propagated in any one of the 
directions of the third and founh converging grating 
couplers 96 and 97 in accordance with frequencies of 
high -frequency voltages which are applied to the S.AW 
transducer 91 from the outside (it is now assumed that 
the frequencies of the high-frequency frequency volt- 
ages are set to fj and f?, respec:iveiy}. In the case of the 
first optica] disc, therefore, the mgh-freguency voltage 
of the frequency fi is applied to the SAW transducer 91 
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from the outside, thereby allowing the parallel wave- 
guide light to enter the third converging grating cou- 
pler 9€. Tne third converging grating coupler 96 ex- 
tracts the parallel waveguide light to a rcgiotj out of the 
optical waveguide 62 and converges onto the informa- 
tion track 200 on the first optical disc 1. Tae reflected 
light from the disc surface again enters the optical 
waveguide 62 through the third grating coupler 96 and 
propagates as a rel-jra waveguide light in the opposite 
direction. Tne progressing direction of the waveguide 
light is changed by the sun'ace acousnc wave 92 tnd, 
after that, the waveguide light is reflected in the direc- 
tion of the third waveguide converging lens 94 by the 
fourth beajs splitter 93. Tne third waveg'oide converg- 
ing lens 94 converges the rerura light to the third photo 
detector 95. Tne third photo detector 95 detects the 
inforsjaf.cn signal and the servo signals such as focusi::g 
error signal, tracking error signal, and the like which 
have been recorded on the first optical diso 1 on the 
basis of an Intensity and an intir,sity distribution of the 
return light and generates to the outside. By modulating 
the driving current which is supplied to the first scsi- 
ccnductor laser 63. an eighth optical head 90 eoiits the 
intensity mo-duiated laser beam, thereby recording or 
erasing the ai;orma::an signal cnto/frotn the first opti- 
cal disc 1. 

On the ether hand, in the case of the second optica! 
disc, the h;gh-rrequency voltage of the frequency fi is 
applied to the SA'"^' transducer 91 from the outside, 
thereby allowing the parallc; waveguide light to enter 
the fcunh converging grating coupler 97. Tne subse- 
quent operations are executed in a nanner similar to 
those in the case of the tlrst optica] disc. 

Tne substrate 51 is supponed from the head base by a 
focusing actuator and a tracking actuatcr (not shown). 
Tne position of the suDstratc 61 itseif is controlled by 
the servo signals so that the laser b-eam is accurately 
irradiated onto the rnfcnmation track 200 on the disc. 

An optica; disc apparatus having the eighth optical 
head 90 mentioned above will now be described with 
ret'erence to FIG. 14. 

In the diagram, the cpticai disc 1, cartridge 2, first 
linear motor 4, discric;:nation hole 7, LED 8, photo 
diode 9. tracking control circuit 11, fcc-usLng control 
circuit 13, linear inotor control circuit 15, spindle con- 
trol circuit 17, spindle c:ctor IS, signal processing cir- 
cuit 19, LD driving circuit 20 ar.d system CQnt.-clIer 22 
are the same as those in the optical disc apparatus b the 
third embodiment acccrding to the invention. Ret'er- 
ence n-umerai 90 denotes the eighth optical head which 
is ccnstr-jcted by the waveguide substrate, focusing 
ictuator, tracking actuator, head base and Ae like. Ret"- 

bg c-ii-cuit wrjch receives a control sizr.aJ from the 
system contrclier 22 and generates a prtdeie.-mbed 
voluge v.. Re:"ercnce numeral S6 denotes a V/f con- 
vening circuit which receives the voltage V, from the 
constant voltage generating circuit 85 and generates a 
high-frequency signal of a .''requency f which is propcr- 
tionaJ to V,. Tne V/f converting circuit S6 generates a 
high-frequc.ncy signal of the frequency fi when the 
bput voltage V,=Vi and gene.'atcs a high frequency 
signal of the frequency h when V,= V,. Re.'c.-ence 
nuccrai S7 denotes an S.A,W dr.ving circuit to apply a 
high-frequency vciuge of the same frequency as the 
frequency f of the high-frequency signal supplied from 
the V/f convcnbg circuit 36 to the S.AW transducer 91 
of the eighth optical head 90. 
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Tac operation of the opticaJ disc apparatus in the 
seventh embodiment with the above construction will 
now be described hereinbelow. 

First, if the cartridge 2 enclosing the second optical 
disc has been loaded into the optical disc apparatus of 
the seventh embodimcat, the system controller 22 de- 
termines thst the disc in the loaded canridge 2 is the 
second optical disc by the detecdon signal of the photo 
diode 9, so that the controller 22 generates a control 
signal to the constant voltage g:ncra^l^g circuit 85 so a5 
to generate the voltage V2. Tnc V/f converting circuit 
S6 convera the input voltage V2 into the frequency (2, 
so that the SAW driving cL-cuit 87 applies the high-fre- 
queacy voltage of the frequency fi to the SAW trans- 
ducer 91 of the eighth opticaJ head 90. Therefore, in the 
eighth optical head 90, the laser beats is L-radiated from 
the second converging grating coupler 97 and is con- 
verged without an aberration onto the infonaiation 
track 200 on the second opticaJ disc having the disc 
substrate of the thickness d2. A: the saxns time, the third 
photo detector 95 of the eighth opticaJ head 90 detects 
a focusing error signal and a tracking error signal from 
the reflected light from the optical disc and supplies to 
the tracking control circuit 11 and the focusing control 
circuit 13. Funhcr, the information signal on the disc is 
supplied to the signal processing circui: 19 ind the spin- 
dle control circuit 17. 

On the other hand, in the case of the nrs: opticaJ disc, 
the system controller 22 generates a control signal to 
the constant voltage generating circuit 85 so as to gen- 
erate the voltage Vj. The V/f convcrdng circuit H6 
converts the input voltage Vi bto the frequency fj, so 
that the SAW driving circuit 87 applies the high-fre- 
que-ncy voltage of the frequency fi to the SAW trans- 
ducer 91 of the eighth opticaJ head 90. Therefore, in the 
eighth optical head 90, a laser beam is en^ned from the 
firs: converging grating coupler 96 and is converged 
without an aberration onto the information track. 200 on 
the Erst cpticai disc having the disc substrate of the 
thickness di. The other operations arc executed in a 
manner similar to these in the case of the foregoing 
second opticai disc 

According to the embodknent as menuoced above, in 
addition" to the efTecis of the abc^e si:;th embodiment, 
the number of semiconductor lasers which are acces- 
sary in the eighth optical head 90 is only ore and each 
of the convcrgmg grating couplers does act sixuiLa- 
neously emit the laser 'cxuim, so that an emisoion power 
of the semiconductor laser can be efiicieniiy taken out 
of the converging grating coupler. Taat is, the opdcal 
head havicg 1 transfer erTiciency better than that of the 
seventh optical head 80 in the fcregcLsg sixth embodi- 
ment can be provided. 

F'ur-her, by arranging the four.h beam spiiner 93 
between the wavcg'jice lens 64 and the SAW trans- 
ducer 91, the return lights from the ta-q converging 
gracing couple.-s can be detected by one photo detector. 

Although the number of thicknesses of the disc sub- 
strates has been set to two kinds of tbckaesses in the 
emboditnent, the invention can be also obvicusiy ap- 
plied to three or more lidr.ds of thicknesses cf the disc 
substrates. In such a case, the number of converging 
grating couplers is increased in accordance with the 
nurcb-er cf kinds of thickncssas and the osf.cai oaths are 
switched by the SAW transducer 91 u: accordanc: with 
the increased num'oer of such coupiers. 

An optical disc apparatus ui the eighth cmbociment 
of the invention will aow be described. 
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FIG. 15 is a block diagram showing a construction of 
the optical disc apparatus in the eighth eabodiment. In 
the diagram, reference numeral 1 denotes the first or 
second optical disc; 2 the canridge; 4 the linear motor, 
7 the discrimination hole; 8 the LED; 9 the photo diode; 
13 the focusing control circuit; 15 the Ibear icotor 
control circuit; 17 the spindle control circuit; 18 the 
spindle motor; 19 the signal processing circuit; 20 the 
LD driving circuit; 22 the system controller; 85 the 
cot:stant voltage generating circuit; 8^ ±e V/f convert- 
ing circuit; and 87 the SAW driving circuit. Tac atxjvc 
component elements are the same as these ia the optical 
disc apparatus in the seventh embodiment of FIG. 1* 
and their detailed descriptions axe omitted here. Refer- 
ence numcraJ 90 denotes an optical head which is sub- 
stantially the same as the eighth opdcai head 90 men- 
tioned above e.^cept that the optical head in the eighth 
embodiment docs not have a tracking ict-uator. Taere- 
fore, the optical head in FIG. 15 is also re:'erred to as an 
eighth optical head 90 hcrcina.'ter for convenience of 
explanation. Reference numeral 100 ds.-.ctes a tracking 
error detecting circuit which receives a -racking error 
signal from the third photo detector 9S of the eighth 
optical head 90 and generates a tracki.-.g e-Tor voltage 
V7£to an adder 101. which will be e.xpIaL-.ed hereinaf- 
ter. Reference numeraj 101 denotes the adder. Tne 
voltage V75 which is generated from the tracking error 
detecting circuit 100 and the voltage V, 'j.h::h is gener- 
ated from the constant voltage generatL-.g circuit 85 are 
supplied to the adder IQl, so that the adcer ge.ne.-ates a 
voltage Vo (Vo=V7-£4-V,} to the V/f convening cir- 
cuit 86. The V/f converting circuit 86. SA.W driving 
circuit 87, tracking error detecting circuit 100, and 
adder 101 construct a tracking control cu-cuit 102. That 
is, it is the inventive point of the eighth embodiment 
that the tracking control is executed by using the SAW 
transducer 91 of the eighth opticaJ head 9"0. 

The pi-lncipic of the tracking control of the eighth 
embocLment wiii now be descr.bed herembelow with 
reference to the drawings. FIG. 16 is an :r.iirged sche- 
matic perspective view of the conv-rgi.-.g grating cou- 

acoustic wave has been tormtd. The waveguide light 
which enters the converging grating coupler is oscil- 
lated between solid lines and broken lines ;n accordance 
with a microchange of the frequency of the surface 
acoustic wave. Such an csciiiaticn angi: is called a 
■ de.lecticn angle (shown by 9). Thire.'ore. the emission 
light from the converging gratmg coupler is also oscil- 
lated and the converged spot moves. Since the delect- 
ing angle 9 changes in almost prcpor.icr.a: to the fre- 
quency of the surface acoustic wave, by c.-.a.-ging the 
frequency in. accordance with the tracii.-.g error 
amount, the converged spot car. b^e accuriteiy posi- 
tioned onto the ini"crmation track. 

The operarion of the optical disc apparsras of the 
embodiment constructed as shown Lt FIG. 15 wul now 
be described hereinbelow. First, if the disc ir. uhe loaded 
canridge 2 is the second optica: disc, the system con- 
troller 22 controls the constant voltage gene.-atbg cir- 
cuit 85 so as to set the output voitage V, L-.:o VS. Tne 
output voltage Vf^of the tracking e.Tor detecting cir- 
cuit 100 has been initialized to "O". Tr.c id=:r IQl adds 
the voltages V, and Vte ^-i geoerates the vcitage Vq 
( = V2) to the V/f convening cu-cuit 86 The V/f con- 
vening cL-cuit 86 changes i r'requenoy f. of an output 
signal in accordance with the input voltage Vq. Tne 
optical disc apparatus has been designed u: a m^anncr 
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such that the signal of a frequency fX=fi) 's generated 
when Vo=Vi and the signal of a frequency fj (=f2) is 
generated when Vo= Vjand the frequency fjchaagcs in 
proportion to the input voltage Vq. Therefore, the V/f 
converting circuit 86 supplies a high-frequency si jna! of 
the frequency fi to the SAW driving circuit 37. The 
SAW driving circuit 87 applies a high-frequency volt- 
age of the frequency f2 to the SAW transducer 91 of the 
eighth optical head 90. In the eighth opiicd head 90, 
consequently, the laser beam is emitted from the fourth 
converging grating coupler 97 and is converged with- 
out an aberration onto the inforrnaticn track on the 
second optical disc. At the same time, in the eighth 
optical head 90, the reflected light from the disc is de- 
tected by the third photo detector 95. A tracking error 
signal is supplied to Lhe tracking error dctecdng circuit 
100. A focusmg error signal is supplied to the focusing 
control circuit 13. The information signal is supplied to 
the spLr.dle cootrol cu-cuit 17 and the signal processing 
circiut 19. The tracldng error detecting circuit 100 pro- 
duces the tracicing error voltage VrE accordance 
with a track de-vdation amount of the converged spot on 
the mformation track 200 and supplies to the adds: 101. 
The adder 101 sends the output voltage Vo=V2-rV7£: 
to the V/f convcrring circjit 86 as mentioned above. In 
accordance with the output voltage V3, the output 
signal frequency fj of the V/f convening circuit is 
deviated from the frequency fz by a value correspond- 
ing to the tracking error (assumes d;). As mentioned 
above, when the frequency of the driving voltage to the 
SAW transducer 91 changes, the emitting position of 
the light from the founh converging grating coupler 97 
changes and the position of the converged spot on Lhe 
opticii disc 1 changes for the track. Tncrefore, by set- 
ting a convening equation between Voand fjof the Y/f 
convening circuit W so as to allow the converged spot 
on the optical disc 1 to approach the track, the tracking 
error is eliminated. The other operations are executed in 
a manner similar to those of the optical disc apparatus Ln 
the seventh embodiment. 

On the other hiand, in the case of the ilrst optical disc, 
the system controller 22 controls the constant voltage 
generating circuit 85, thereby serting the output voitag- 
V,-into Vj. Thus, the V/f conver.Lng circuit 8^ gener- 
ates a high-frcque.icy signal of the frequency f; to Lhc 
SAW dnving circuit 87 and the SAW driving circuit 87 
applies a high-trequency voltage of the frequency fj ;o 
the SAW transducer 91 of the eighth optical head 90. 
Consequently, in the eighth optical head 90, the laser 
beam is emitted from the thiird converging grating cou- 
pler 96 and is converged without an aberration onto the 
information track 20'3 on the first optical disc. At the 
same tune, the trscking error detecting circuit 100 
supplies the tracking error voltage V-ito the add;r 101 
from the input signal Ti. Tne input voltage cf the V/f 
converting circuit &6 is set to Vo = Vj-i-V7^ and the 
tracking error can be eiLtninatcd ir. a manner similar to 
the cise of the second optical disc. 

FIG. 17 is a graph showing the principle of the track- 
ing control of the e.mbodiment and shows the relations 
among the Vj and f? and the deflection angle of the 
waveguide light in the eighth optical head 90. As shown 
in the graph, by varr-jng the Voand fjby only an amount 
which is proportional to the tracking error signal from 
Vi, accordtngly. f| as a center in the case cf the t'lrst 
opticii disc or by oni> an amount which is propor.ional 
to the tracking error signaJ from V;, accordingly, fj as 
a center in the Cisc cf the second optical disc, the oscil- 
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latlon angic of the waveguide light can be fujcly varied. 
Therefore, by varying the emitting positions of the light 
beams from the two converging grating couplers, the 
converged spot can be allowed to trace on the track. 

According to the eight embodiment as mentioned 
above, in addition to the eflects of the foregoing sev- 
enth eiabodine.Tt, the change-over of the waveguide 
lights which enter the converging grating couplers and 
the tracking control can be executed by the SAW trajis- 
duccr 91. Tnus, the optical head can be simplified and 
the number of manufact-uring steps can be reduced. 

Since the surface acoustic wave 92 is located between 
the four-h beam spiincr 93 and the two converging 
grating couplers, the return waveguide light from the 
optical disc 1 is not influenced by the tracking control 
on the optical path after the stirface acoustic wave 92. 
Therefore, the converging position on the third photo 
detector is not sovcd by the tracking control, so that a 
deterioration in photo detection signal can be pre- 
vented. 

In the etcbodLEent, although the SAW transducer 
has been used as both of the optical path switching 
means and the optical path dcHecting xscns for track- 
ing control, the SAW transducer can be also provided 
for the optical head only for the tracking coniroi. For 
instance, it is also possible :o fori: the SAW traiisducer 
for the sij:th optica! head 60 in the fifth eT.bodiment or 
the seventh optical head SO in the si;^:h ensbodiment and 
to execute the Uackine control. 

We claim: 

1. An optical recording^'reproducL-.g apparatus for 
recording, reproducing or erasing an information signal 
by converging a ligh: fiux anto/frcrt: a recording layer 
through a trainsparent disc substrate, ccsprismg: 

(a) N optical heads, N being greater tiian or equal to 
2, each conaprising; 

light esicu.Tg aeans, 

objective le.ises, whose ab-e.^ations have respectively 
been corrected for said N disc substrates having 
diiTe.'ent thicknesses, each for converg'ng the light 
fixis which is emitted from the light emitting means 
onto the optical disc, and 

a plurality cf photo detecting means each for detect- 
ing the retlected light from the optical disc; 

(b) N optical head Xioving means which are a.^anged 
beicw the optica] disc and move the N optical 
heads in the radial direction of the optica] disc; 

(c) disc discrjnbating iceans for discrLcninatiDg the 
thickness of the disc substrate of the leaded optical 
disc and for generating a discrLnunaticn signal in 
accordance wuh the result of the discrlmiiatica; 
and 

(d) control means for selecring tb; optical head hav- 
ing the objective lens in which the occurrence of 
the abe.Tat'.cn due to the disc substrate is smallest 
in accordance with the discrimination signal, 

whe.'-ein the selected optical head records, repro- 
duces or erases the information signal onto/frotn 
the optical disc. 

2. An apparatus accordmg to ciaim 1, furdier com- 
prising backward moving means for moving the aon- 
selected optical heads to uhe outsic:e of the optica! disc 
for a period of time when the optical head which has 
been sciscted by the control rccans is recording, repro- 
ducing, or crasL-.g the int'ormation signai. 

3. An apparatus according to cia-m 1, wherein said 
disc discr^ninatLTg means comprises: 

a cartridge .^cr enclosing the optica! disc; 
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a discnmnation hoi= which is formed on the car- 
todgc and whose opening/closing state di/Tcrs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 
detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a discrimination signaJ. 
*. An apparatus according to claim 2, wherein said 
disc discriminating means comprises: 
a carsidgc for enciosing the opticd disc; 
a discrimination hole which is forrced on the car- 
tr.dge and whose opening/dosing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 
dcrccring ineans for detecting the op^aing/ciosing 
state of the discriniination hole and for generating 
a discrrmination signal. 
_ 5. An apparatus accordbg to ciaim 1. wherein nniner- 
icaJ aperturs of at least two or more of said N objecrive 
lenses differ. 

_ 6 An apparatus according to claim 2, wherein numer- 
ical apertur-s of at least two or more of sajd N objective 
Jcriscs dnTcr. 

7. An optical recordi=g./reproducing apparatus for 
recorcmg, reproducing cr craving an information signal 
by converging a light H-jj cnto/from a recording layer 
througn a transparent disc substrate, ccmpri^ing: 

(a; an optical head havu:g N. N being greater than or 
equai to 2. convcrgLig optical systems each com- 

_ pnsmg: 

light emitting means. 

Objective lenses, whose aberrations have resoectivelv 
been corrected for said N disc substrates havbg 
ditierent thicknesses, each for converging the light 
flu.', wmch emiaed from the Hght emitting means 
onto the optical disc, and 

a plurality of photo detecdng means each for detect- 
mg ine reflected light from the optical disc; 

(b) optical head movL-g means which is arranged 
beicw the optical disc and moves the octicai head 
m^the radial direcdcn of the optical disc; 

(c) disc dtscnminatkg means for discriminating the 
t^ocness of the disc substrate of the loaded optical 
disc and tor generaii-g a discrimination signal in 

■ l^f'^^^ ^^'^ ''"^*^ °^ discriminaricn; 

(d) cc.itroi means for allowing the light emitting 
means, which belongs to the converging optical 

. system ii: whjch the occiiirence of the aben^ation 
due to the disc substrate is smaHest in accordance 
witn :„e ducnminaticn siznaJ, to emit hgh' 
wnerem ±= selected =ccve:gi.g opdcal system re- 
corcs,^ reproduces or era^ the information signal 
onto/ irom the opacaJ disc. 
8. An apparatus according :o claim 7. whc.-=in sai'd 
di5c discr^ninanng means ccmt;rises: 

a cartridge for enclosing -jie"optical disc; 
a discr-mimacion hole w-ch is formed on the car- 
tnag; and whose openL-g^/cicsing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc: and 
detecting mear,3 for detecimg the opening^'ciosing 
• state or the aiscrimicatic- hole and for generating 
a aiscrjinmation signal. 

9. An ac::ar3tus acar-'-"- -i^;— 1 7 • 

. , -• ^'"^^ --■'"'-'5 -3 ^'ara wherein numcr- 

icaj apertures ot at least two cr more of said N objective 
lenses diiier. 
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10. An optical recording/reproducing apparatus for 
recording, rcproducbg or erasing an information signal 
by converging a light flux onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) an optical head including: 
light emitung means, 

light flux dividing means which are arranged in the 
light flua from the esiitting means and divide the 
cniittcd light flui into N, N bemg greater than or 
equal to 2, light fliues and deflect in different direc- 
tions, 

N objective lenses, whose aberrations have respcc- 
tiveiy been corrected for said N disc substrates 
having different thicknesses, for respectively con- 
verging said N light fluxes onto the opdcal disc, 

light flux selecting means for selecting One of the N 
light fluxes divided by the light Utix dividing means 
and for allowing said light fiux to pass, and 

photo detecting means for detecting the light flu:?c5 
reflected by the optical disc; 

(b) optica! head moving means which is arranged 
below the optical disc and sioves the optical head 
in the radial direction of the optical disc; 

(c) disc discriminating means for discrisjinating the 
thickness of the disc substrate of the leaded optical 
disc and for generating a discriminadcn signal in 
accordance with the rcsui: of the discrjrinaticn; 
and 

(d) control ccans for generating a control signal to 
the light flux seiecdng means in accordance with 
the discrimL-.ation signal and for selecting the light 
fiux which passes through the objective lens in 
wiiich the occtjrrencs of the aberration due to the 
disc substrate is smallest, 

wherein the opdcal head records, reproduces or 
erases the infcrtsation signal onto/from the opdcal 
disc by the selected light Dux. 

11. An apparatus according to claim 10, wherein said 
disc discriminattn g :neans cctnprises: 

a canridge for enclosing the optica! disc; 

a discriminaticn hoie which is forined on the car- 
tridge and whose op-ering-'ciosing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optica! disc; and 

dctecdng means for detecting the ope."ing^closLng 
state of the discrimination hole and for generating 
a discriminaticn signal. 

12. An apparat'.is according to clain 10, wherein 
numerical apertures of at least two or more of said N 
abjecdvc lenses differ. 

13. An opdcal reccrding'reproducing apparatus for 
recording, reproducing or erasing an infcrmaticn signal 
by converging a light ilux onto/frctn a recording layer 
through a transparent disc subrtrate, comprising: 

(a) an optical head ir.cludLng: 

an optical wavsguide icrmed on a substrate. 

N light cniitting means each for emitting a waveguide 
light into sa;c optical waveguide, N being greater 
tha-n or equal :c 2, 

N converging gratL".g coupie.-s. whose aberrations 
have respectivsiy been corrected for said N disc 
substrates having different thicknesses, each for 
enritling the waveguide light supplied from said N 
light einitting means to the outside of 'he optica! 
waveguide and for allowing the retlected light 
. from the optical disc to enter, and 

N photo detecting means each for detecting re.lected 
light and for generating in int'onsation signal; 
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(b) optical head moving means which is arranged 
beiow the optical disc and moves the optical head 
in the radial direction of the optical disc; 

(c) selecting means for selecting the light emitting 
meaas to be ailowed to emit the light froni amcag 
the N emitting means; 

(d) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded optica] 
disc and for gcreratLng a discrimination signal ac- 
cording to the result of the discrimination; and 

(e) control mcaris for generating a control signal in 
accordance with the discrimination signal, for pro- 
viding said control signal to said sclscdng means 
and for allowing the light emitting means for emit- 
ting the waveguide light into the converging grat- 
ing coupler in which the occurrence of the aberra- 
tion due to the disc substrate is smallest, 

wherein the optical head records, reproduces or 
erases the infonuation signal onto/from the optical 
disc by the light flux from the selected light emit- 
ting means. 

14. An apparatus acccrding to claim 13, whercm said 
disc discriciinating means comprises; 

a cartridge for snciosmg the optical disc; 

a discrimination hole which is formed on the car- 
tridge ana whose opening/cicsbz state ditTers in 
correspondence to the thickness of the disc sub- 
strate of the optica] disc; and 

delecting means for detecting the opening/cicsing 
state of the discrimination hole and for generating 
a discrimir^ticn signal. 

15. An apparatus accordmg to ciaim 13, wherein 
numerical apertures cf at least two or more of the N 
converging grating couplers di.Ter. 

16. An optical recording.''rspro<iucing apparatus fcr 
recording, reproducing or erasing an information signal 
by converging a light fluj: onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) an optical head including: 

an optical waveguide formed on a substrate, 

light emitting means for smining a waveguide light 

into said optical waveguide, 
light flu:c dividing means .^cr div-idLtg the waveg'oide 

light emitted from the light emitting means into N 

divided waveguide lights, N being greater ±an or 

equal to 2, 

said N converging grating couplers, whose aberra- 
tions have respecnvciy been corrected for said N 
disc substrates having ditTcreat thicknesses, each 
for emitting each of said N divided waveguide 
lights to the outside of the opdcal waveguide snd 
for allowing tie reflcctec Ughc from the optical 
disc to enter, and 

N photo detecdng means fcr respectively detectmg 
said retlccted lights from the N converging gratir.g 
couplers and for generating ksicrmadon signals; 

(b) opdcal head moving means which is arranged 
below the optical disc and moves the opticai head 
in the radial direction of !-he optical disc; 

(c) output switching means fcr selecting and output- 
ting one of the output signals of said N photo de- 
tecting means; 

(d) disc discriminating mea.-.3 fcr discriminating the 
thickness of the disc substrate of the loaded optica! 
disc and for generating a discrimination signal m 
accordance with the result of the disc.rim.inat:cn; 
and 
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(c) cantro! means for generating a control signal to 
the output switching tncans in accordance with the 
discrimination signaj and for selecting the photo 
delecting means into which the waveguide light 
enters from the converging grating coupler in 
which the occurrence of the aberration due to the 
disc substrate is srnaJlest. 

17. An apparatus according to claim 16, wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optica] disc; 

a discrimination hole which is fonsed on the car- 
tridge and whose openiig/ciosing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a discriraination signal. 

18. An apparatus accordLng to ciain: 16, wherein 
Domerical apertures of at least two or more of the N 
converging grating couplers diiTsr. 

19. An optica! recordlng/rsprc-ducing apparatus for 
recording, reproducing or erasing an infcnnaticn signal 
by converging a light fiu.t onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) an optical head inciudLiz: 

an optical waveguide formed on a substrate, 

light emitting means for emitting a waveguide light 
into said opticai waveguide. 

opticai path switching means which is arranged on an 
opticai path of said waveguide light a.-.d switches 
the propagating direction of the waveg'.iide light in 
N directions in accordance 'Mih a ccr.trol signal, N 
being greater than or equal to 2, 

N converging grating coupisrs, whose aberrations 
have respectively been corrected ."or said N disc 
substrates having different tiiicknesses and which 

directions which art switched by sa'id optical path 
switching means a-d emit the waveguide light to 
the outside of the optica! waveguide and allow the 
rejected light from the optical disc to enter, and 

photo detecting means for detecting the retlected 
light and generating an infonnaticn signal; 

Cc) optica] head moving means which is arranged 
below the optical disc and moves the opticai hend 
in the radial direction of the cptical disc; 

(c) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded opticai 
disc and for generating the discrimination signai in 

and 



(d) contro! means for generating a control signal to 
the optica] path switching means Ln accordance 
with the discrimination signal and for switching the 
propagating direction of the waveguide light from 
the light emitting means to the direction of the 
converging grating coupler in which the occur- 
rence of the aberration due to the disc substrate is 
smallest, 

wherein the optical head records, reproduces or 
erases the information signal onlo/frora the optical 
disc by the light flux emitted from the selected 
converging grating coupler. 
2Q. An apparatus according to claim 19, wherein said 
optical path switching means combines deflecting 
means for changing the propagating direction of the 
waveguide Ught by a deflection angle according to a 
input signai, 

and wherein said apparatus comprises: 
tracking error detecting means for detecting a track- 
ing error amount of a converged spot wiucfa has 
been converged onto the optical disc and for gener- 
ating a tracking error signal; and 
tracking control means for changing the input signal 
to the deflecting means in accordance with said 
tracidng error signal and for eliminating the track- 
ing error of the converged spot. 

21. An apparatus according to claim 19, wherein said 
disc discriminating means comprises: 

a cartridge t'or enclosing the optical disc; 

a discrimination hole which is formed on the car- 
tridge and whose opening/closing stale difTcrs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a discrimination signal. 

22. An apparatus according to claim 20, wherein said 
disc discrimination means comprises: 

a cartridge for enclosing the optical disc; 
a discrimination hole which is formed on the car- 
tridge and whose openLng/closlng sLate differs m 
corresp<3ndenc= to the thickness of the disc sub- 
strate of the optical disc; and 
detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a discrimination signal. 
13. An apparatus according to claim 19, wherein 
numerical aper.urcs of at least two or cere of the N 
converging gratuig couplers differ. 

24. An apparatus according to claim 20, wherein 
numerical apertures of at least two or more of the N 
convcrgiig gracmg couplers differ. 

25. An oDiical recording 'reproducing 
apparatus for recording, reproducing or erasing 
an inrorniation signal onto/from an optical disc 
having at least a tran.sparent subsiraie and an 
information laver bv converging a light flu.x onto 
said infornnalion laver tiirough said transparent 
■substrate, cotnorisiiig an ooiical means having 
one of (al N fwhere N>21 different ninnerica! 
apertures, (b) N different focal distances and (c) 
N different working distances, for converging the 
light flux on said information laver. wherein said 



optical disc corresponds to one of N types of 
optical discs provided with transparent substrates 
having different thicknesses and said optical 
converging nneans converses said light flux by 
employing one of fa) a larger one of said N 
numerical apertures, (b) a shorter one of said 
focal distances and (c) a shorter one of said 
working distances, with respect to one of said 
optical discs having a thinner one of said 
substrates. 

26. An optical recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from any selected one 
of N tvpes (where N>2'i of optica! discs having 
transparent substrates of different thicknesses, 
each of said N optical discs having at least a 
transparent substrate and an information laver. bv 
converging a light flux on said information laver 
through said transparent substrate, said apparatus 
comprising: 

at least one liglit emitting means for 
emitting said light flux: 

N converging means having one of fal 
different numerical apertures, (b) different focal 
distances and (c) different working distances and 
performing aberration correction over a 
transparent substrate of a respective one of said 
N optical discs, each of sa:d N converging means 
Operating to converge said light flux on the 
information laver of one of the K optica! discs: 
and 

at least one photo detecting means for 
detecting reflected light from said optical discs. 

wherein one of said converging means 
having fa) a larger one of said numiericai 
apertures, fb) a shorter one of said focal distances 
and fc) a shorter one of said working distances, 
is selected for use witii one of said N optical 
discs having a tliinner one of said transparent 
substrates. 

27. An optical recording.''reproducing 



apoaratus according to claim 26. wherem e 


ach of 


said N converging means is an obiective le: 


;^.s. 


28. An optical record ing''reprodi; 


:cing 


apparatus according to claim 26. wherein e 


ach of 


said N conversing means is a graiing lens. 




29. An oocca! recording/reDrodu 


;cing 



system for recording, reproducing or erasing an 
information signal onto/from anv selected one of 



N types fwhere N>2) of optica! discs having 
transparent substrates of different thicknesses, 
each of said N optical discs having at least a 
transparent substrate and an information laver. bv 
converging a light flux on said information layer 
through said transparent substrate, said apparatus 
comprising: 

at least one light emitting means for 
emitting said light flux: 

a single converging means for converging 
said light flux on said information laver: 

at least one optical wave front 
transfonning means, at leas: one of said at least 
one optical wave front transforming means being 
disposed in an oocical path connecting a light 
source, said converging means and one of said N 
optical discs: and 

at least one photo detecting m^eans for 
detecting reflected light from said one of said N 
optical discs. 

wherein N comDOsite converging optica! 
systems having one of fa) different numerical 
apertures, (b) different focal distances and (c) 
different working distances and each including 
said converging m.eans and one of said N optica! 
wave front transformang m.eans respectively 
perform aberration correction over a transparent 
substrate of a respective cne of said N optical 
discs, and one of said con:t:'Osite converging 
optical systems having one of fa) a larger one of 
said numerical apertures, fb) a shorter one of said 
focal distances and fc) a si.orter one of said 
working distances, is selected for use with one of 
said N optical discs having a thinner one of said 
transparent substrates. 

30. An optica! recording ''reoroducing 
apparatus according to clai;r. 29. wherein said 
converging means is an ob''ective lens. 

3 1 . An optica! recording 'reproducing 
apparatus as in claim 29. wherein said 
converging means is a grating lens. 

32. An optical recording-'reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from any selected one 
of N types (where N>2) of optica! discs having 
transparent substrates of different thicknesses, 
each of said N optica! discs having at least a 
transparent substrate and an information iaver. bv 
converging a light flux on said information layer 



through said transparent substrate, said apparatus 
comprising: 

fa) N (where N>2) optical heads each 
including: (i) a light emitting means for emitting 
a light flux, fii) a converging means for 
converging the light flux emitted from said light 
emitting means onto an inform.ation laver of one 
of said N optical discs loaded in said apparatus 
and riii) at least one photo detecting means for 
detecting reflected light from said one of said N 
optical discs: 

fb) optica! head moving means, adapted to 
be arranged on one side of an optical disc loaded 
in said apparatus, for moving said N optica! 
heads in a radial direction of said optica! disc 
loaded in said apparatus: and 

(c) control means for selecting one of said 
N optical heads. 

wherein said conversing means of each of 
said N opticai heads have one of (z) resoective 
numerical apertures, (b) respective focal distances 
and fc^ respective working distances and perform 
aberration correction over transparent substrates 
of respective ones of said .N" optical discs, one of 
said N optical heads provided with one of said 
converging means having one of fa'i a larger one 
of said numerical apertures, fb; a shorter one of 
said focal distances and (c1 a shorter one of said 
working distances, is selected for use with one of 
said N optical discs having a thinner one of said 
transparent substrates, and said one of said N 
optical heads selected bv said controi means 
performs a recording, reproducing or erasing 
operation of said information signal on an optical 
disc loaded in said apparatus. 

33. An apparatus accord i:ig to claim 

32. further comprisip.g disc discruriinatiiig means 
for discriminating a type of sa:d optical disc 
loaded in said apparatus and for outputting a 
discrimination sisnai according to a 
discrimipiation result, and vvhere:n sa'd control 
means selects one of said N optical heads 
provided witii one of said converging means t'lat 
generates a least aberration due to the transparent 
substrate of tlie optica! disc loaded in said 
apparatus. 

3-. An. apparatus according to claim 

33. wherein said discriminatir'g m.eans comprises: 



a cartridge for enclosing the optical disc 
loaded in said apparatus: 

said cartridge having a discrimination hole 
which has an open/closed state characteristic 
which differs depending on a tvpe of said optical 
disc loaded in said apparatus: and 

detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

35. An apparatus according to ciaiin 32. 
further comprising backward-moving means, 
operative when the optica! head is selected bv 
said control means, for mcving ones of ?he 
optical heads not selected bv said control ii-seans 
to outside of the selected o::tical disc during a 
recording, reproducing or erasing operation of 
said information signal. 

36. An apparatus according to claim 
32. further com.prising a ligV. emission control 
circuit for controlling intensiiv of the light flux 
emitted bv said light em.ittirs m.eans: a focus 
control circuit for controlling a focus position of 
the light flux converged on the optical disc: a 
tracking control circuit for controlling a tracking 
position of the light flux converged on the ootica! 
disc: and an optical head movement control 
circuit for controlling said ooticai head m.ovir.g 
means: at least one said light em'ssioi' cortroi 
circuit, said focus control circuit, said trackirg 
control circuit and said ODtica: head movemLent 
control circuit beiiig switched with respect to one 
of the N optical heads selected bv said centre', 
means. 

37. An apparatiis according to claim 
32. wherein the transparent substrates of said N 
optical discs have thicknesses which include a: 
least one of about 0.3mm and about i.2m.m and 
said converging n-.eans have ntuneral aoertimes 
which include at least one of about 0 -5 and 
about 0.8. 

38. An optica! recc-ding'recrocucu-g 
apparatus according to claim 32. where:n sa:c 
converging means is an ob^ecti'-e lens 

39. An optical recordiiTg 'reproducir.g 
apparatus for recording, reproducing or erasing 
an inforination signal onto-'from anv one o-' N 
types (where N>2'i oi"" optical d'scs ha'.ii-g 
transparent substrates of differerit th:Ck:-esses. 
each of said N optical discs having at least a 



transparent substrate and an information laver. by 
converging a light flux on said information layer 
through said transparent substrate, said aooaratus 
comprising: 

(z) an optical head provided with N 
(where N>2^ optical systems each including fi") 
light emitting means For emitting said light fiux. 
(ill a converging means for converging the light 
flux emitted from said light emitting means onto 
an information laver of one of said N optical 
discs loaded in said apparatus and (In) photo 
detecting means for detecting reflected light from 
said one of said N optica! discs: 

(h) optical head m.oving means, adapted to 
be arranged on one side of an optica! disc loaded 
in said apparatus, for moving said optical head in 
a direction of the optical disc loaded in said 
apparatus to traverse a recording track thereof: 
and 

(c) control means for causing light 
emission of said light em.ittirg means in one of 
said N focus optical systems. 

wherein said converging m.eans of said N" 
optical systems have one of (z) respective 
numerica! apertures, (h) respective focal distances 
and (c) respective working distances and perform 
aberration correction over transparent substrates 
of respective ones of said N ooticai discs, one of 
said N optical systems provided with one of said 
converging means having one of (a) a larger one 
of said numerical apertures. Co) a shorter one of 
said focal distances and (c) a shoner one of said 
working distances, is selected for use with one of 
said N ooticai discs having a thinner one of said 
transparent substrates, and the one of said focus 
optical sysieins having said light emitting mieans 
caused to emit light by said control means 
performs a recording. reoroduc:ng or erasing 
operation of said infor:nat:on signal on an optica! 
disc loaded in said apparatus. 

-^0. An apparatus accorcins to claim, 
39. funher comprising disc discrimnnating m.ears 
for discriminating a type of said optica! disc 
loaded in said apparatus and for outputting a 
discrimination signal according to a 
discrimiination result, and \^ herein said con:roi 
means causes light emission of the light em-ittin; 
means of one of said focus oouczl systems having 



the converging means that generates a least 
aberration due to the transparent substrate oF the 
loaded optical disc. 

41. An apparatus according to claim 
40. wherein said discriminating means comprises: 

a cartridge for enclosing the optica! disc 
loaded in said apparatus: 

said cartridge having a discrimination hole 
which has an open/ciosed state characteristic 
which differs depending on a tvpe of said optical 
disc loaded in said apparatus: and 

detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

^2. An apparatus according to claim 
39. further com.prising a light em.ission control 
circuit for controlling intensity of the light flu.x 
emitted bv said light emitting means: a focus 
control circuit for controlling a focus position of 
the light flux converged on the optical disc: and a 
tracking control circuit for control ling a tracking 
position of the light fvj.x converged on the optical 
disc: at least one of said light emission control 
circuit, said focus control circuit and said 
tracking control circuit being switched with 
respect to the selected one of the N optica! heads 
having the focus optical syste.m having s aid light 
emitting means caused to emut light bv said 
control means. 

43. An apparatus according to claim 
39, wherein the transparent substrates of said N 
optical discs have thicknesses which include at 
least one of about 0.3mm and about 1.2mm and 
said converging means have numeral apertures 
which include at least one of about 0.-^5 and 
about 0.8. 

!£. An apparatus according to claim 
39. wherem said converging m.eai-s :s an 
objective lens. 

^5 An optica; recording -reproducing 
apparatus for recording, reproducing or erasing 
an informaLioi". signal onto/r'rou-: ariv of N tyoes 
(where N>2') of optica: discs having transparent 
substrates of different thicknesses, each of said N 
optical discs having at least a transparent 
substrate and infori-naiion laver. bv convergmg 
a light flu:< on said information iaver tnrough said 
transparent substrate, said apparatus coir.orising: 



fa) an optica! head including (i) a light 
emitting means for emitting a light flux, (iil a 
light flux dividing means arranged in a radiation 
direction of said light emitting means for dividing 
the light fiux emitted from said light emitting 
means into N (where N>2') light fluxes, fiii) N 
converging means for converging said N' light 
fluxes onto said information iaver of one of said 
optical discs loaded in said apparatus and (iv) at 
least one photo detecting n".eans for detecting 
reflected light from said one of said optical discs 
loaded in said apparatus: and 

ih) optical head moving !nea.ns. adapted to 
be arranged on one side of said optical disc 
loaded in said apparatus, for moving said optica! 
head relative to the opticai disc loaded in said 
apparatus to traverse a recording track thereof: 

wherein said N conversing means have 
one of fa) respective numerical apertures, (b) 
respective focal distances and fc) respective 
working distances and perforri aberration 
correction over transoareni substrates of 
respective ones of said N optxal discs, one of 
said conversing means having one of fa: a larger 
one of said num:erica! apertures, fb) a shorter one 
of said focal distances and fc^i a shorter one of 
said working distances, is selected for use with 
one of said N" optica! discs iia/ing a thinner one 
of said transparent substrates, and said coticai 
head perfornis a recording, reproducing cr 
erasing operation of sa:d infor'Tiation signal on 
said optical disc loaded in 5a:d apparatus 

-i-6. An apparatus according to claim. 

45. further comprising light f:ux selecting means 
for selecting and passing one of the N light Ouxes 
divided bv said light flux dividing m.eans 
according to a control signal and control means 
for outputting S5?d control s^g-al to said light flux 
selecting means to select the !:g'!C tlux to be 
passed throu.gii oi'e of the N ccf:\erg!ng .means. 

£L A>n apparatus according to claiiTi 

46. further comprising disc discrim.inat:ng means 
for discriminating a tvpe of sa:c optical disc 
loaded in said apparatus and fc outputting a 
discrim.ination signal according to a 
discrimination result, and wherem. said control 
means selects 0f:e of the lig':t r?uxes accord:ng to 
said discriminatiot: signal to be passed through 
one of thie converging means that generates a 



least aberration due to the transparent substrate of 
the optical disc loaded in said apparatus. 

48. An apparatus according to claim 
47. wherein said discriminating means comprises: 

a cartridge for enciosing the optical disc 
loaded in said apparatus: 

said cartridge having a discrimination hole 
which has an ooen/ciosed state characteristic 
which differs depending on a tvpe of said optica! 
disc loaded in said apparatus: and 

detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

49. An apparatus according to ciai:n 
45. wherein the transparent substrates of said N" 
optical discs have thicknesses which include ai 
least one of about Q.3mm and about [■2mm and 
said converging mteans have nuir.eral apertures 
which include at least one of about 0.-5 and 
about 0.8. 

50. An optica! recording'^reproducing 
apparatus according to claim ^5. wherein said 
converging means is an objective lens. 

5 1 ■ An optical recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from, anv one of N 
types (where N>2) of optical discs having 
transparent substrates of cirTerent thicknesses, 
each of said N optica! discs having at least a 
transparent substrate and an informaLion laver. by 
converging a light flux on said infoririation laver 
through said transparent substrate, said apparatus 
comprising: 

(2) an optica! h.ead irxluding fi) light 
emitting means for emitting said light Hux. (iil a 
converging means for con'. erging said light fiux 
onto said information iaver. fiii) N ("where N>2'' 
optical wave front transforir.ing means, and (iv'. 
at least one photo deiectiiig means for cetec:ing 
reflected light from the optical disc: and 

(b) optical head mc-ing mea.ns. adapted to 
be arranged on one side of an optica; disc loaded 
in said apparatus, for moving said optical head 
relative to the optica! disc loaded in said 
apparatus to traverse a recording track thereof: 

wherein a p!ura:i:v c' convergiiig oot:ca! 
system.s comprising at !east one of (i' sa:d 
converging means and ('■.■^ said N" ootica: wave 
front transforming means itave o;:e of fa^i 



respective numerical apertures, (b) respective 
focal distances and fc) respective working 
distances and perform aberration correction over 
respective transparent substrates of said N optical 
discs, one of said converging optica! systems 
having one of fa) a larger one of said numerical 
apertures, (b) a shorter one of said focal distances 
and (c) a shorter one of said working distances is 
selected for one of said N oodcal discs having a 
thinner one of said transparent substrates, and 
said selected converging optical svstem performs 
a recording, reproducing or erasing ooeration of 
said information signal on said optica! disc loaded 
in said apparatus. 

52. An apparatus according to c!a:.m 
51. wherein said optical head further includes 
holding mieans for holding said N" optical wa^e 
front transforming means and for, responsive to a 
control signal, placing a selected one of said N 
optical wave front transforming means in an 
optical path between said light enritting m.eans 
and said objective lens and control m.eans for 
outputting said control signal to said holding 
means to place said selected one of said N optical 
wave front transforming means in the optical path 
between said light emutting means and said 
converging means. 

53. An apparatus according to claim 
51. further comprising disc discriminating m.eans 
for discriininating a tvpe of said ooticai disc 
loaded in said apparatus and for outpu'ting a 
discrimination signal according to a 
discrimination result, and wherein said contrci 
means selects one of the light tlu.xes according to 
said discrimination signal to be passed throug:- 
one of the converging ooticai s'^stem.s t'lat 
generates a least aberration due to the transparent 
substrate of the optica! disc loaded in said 



5-. An apparatus accordmg to claim 
53. wl'.ereip, said discriniinaiing means comoris 

a cartridge for enclosing the cpf:a: dis-: 
loaded in said apparatus: 

said cartridge having a discrin^mation h 
which has an open/closed state characteristic 
which differs depending on a tvpe of said ODti; 
disc loaded in said apparatus: and 



detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

55. An apparatus according to claim 51. 
wherein the transparent substrates of said N 
Optica! discs have thicknesses which include at 
least one oF about 0.3^111 and about l.2nini and 
said converging optical svsteins have disc side 
numeral apertures which include at least one of 
about 0.^5 and about 0.8. 

56. An optical recording/reoroducing 
apparatus according to claim 51. wherein said 
converging means is an objective lens. 

57. An optical recording/reproducing 
apparatus for recording, reproducing or erasing 
an infonnation signal onto/from any one of N 
types fwhere N>2) of optical discs having 
transparent substrates of different thicknesses, 
each of said optical discs having at least a 
transparent substrate and an information laver. by 
converging a ligi't fiux on said information layer 
through said transparent substrate, said apparatus 
comprising: 

(a^l an optical h.ead including (]) a 
waveguide formed on a substrate, (ii) N (where 
N>2) light emitting means for directing 
waveguide light into said waveguide. Ciii) N 
converging grating couplers for directing thie 
waveguide iiglu received from said N" light 
emitting means to outside of said waveguide and 



for receiving reflected light from an optical 


disc 


loaded in said apparatus and fiv) N' Photo 




detecting mieans for detecting said ret'ected 


light 


through said converging grating couplers an 


d for 


outputting the detected light as said informa 


tion 



signal' 



fb) an optical head movifig means. 
adapted to be arranged on one side of the octica' 
disc loaded in said apparatus, for mioving sa:c 
optical head in a radial direction of the optica.' 
disc loaded in said apoaratus: at^.d 

fcl coiUrol niean.s for oro\iding a control 
signal to select one of said N light e.mutting 
means to emit light. 

wherein said N converging grating 
couplers have one of fa) respective numericai 
apertures, (b) respective focal distances and fc'. 
respective working distances and perform 
aberration correction over transparent substrates 



of respective ones of said N optical discs, one of 
said converging grating couplers having one of 
(a) a larger one of said numerical apertures, (b) a 
shorter one of said focal distances and (c) a 
shorter one of said working distances, is selected 
for use with one of said N optica! discs having a 
thinner one of said transparent substrates, and the 
light flux emitted from said selected light 
emitting means causes said optical head to 
perform a recording, reproducing or erasing 
operation of said information signal on said 
optical disc loaded in said apparatus. 

58. An apparatus according to ciaim 
57, further comprising disc discriminating means 
for discriminating a type of said optical disc 
loaded in said apparatus and for outputting a 
discrimination signal according to a 
discrimination result, and wherein said control 
means causes light emission of the light emiiting 
means of one of said converging g-ating couplers 
that generates a least aberration due to the 
transparent substrate of the optica! disc loaded in 
said apparatus. 

59. An apparatus according to claim 



58. wherein said discriminating means comiorises: 



a cartridge for enclosing the 


optica: disc 


loaded in said apparatus : 




said cartridge having a discr' 


imination hole 


which has an ooen/closed state char 




which differs depending on a tvpe of said oc>;cai 


disc loaded in said apparatus: and 




detecting means for detectin.: 


I the 


ooen/closed state characteristic of s; 


lid 


discrimination hole. 




60. An apparatus accord: 


ng to claim 


57. furtiier comprising a light emission con.croi 


circuit for controiiing inten,sitv of 's 




e:nitted bv said lig'it emitting iiiean; 


said usht 




hed w;:n 


respect to tlie selected one of the N 




grating couplers. 




61. An appa.'atus accord: 


ng to c:a::r. 


57, wherein the transparent substrat 


es or sa:d N 


optical discs have tliicknesses whic'r 


i include at 


least one of about 0.3mm and aboui 


: 1.2mm and 


said converging grating couplers ha 


ve nume'ica! 


apertures which include at least one 


of about 0 -5 



and about 0 S 



62. An optica! recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from any one of N 
types (where N>2) of optica! discs having 
transparent substrates of different thicknesses. 
each of said N optical discs having at least a 
transparent substrate and an information !aver. by 
converging a light flux on said information laver 
through said transparent substrate, said apparatus 
comprising: 

(a.) an optical head including (I) a 
waveguide formed on a substrate, (iil light 
emitting means for directing waveguide light into 
said waveguide. (\n) light flux branching means 
for branching the waveguide light received from 
said light eniitting means into N (where N>2) 
branch waveguide lights, (iv) N converging 
grating couplers for directing said N branch 
waveguide lights to outside of said waveguide 
and also for receiving rerlected light from the 
optical disc loaded in said apparatus and (v) N 
photo detecting m.eans for detecting said reflected 
light through said N converging grating couplers 
and for outputting the detected light as said 
information signal: 

(b) an optical head moving mieans. 
adapted to be arranged on one side of the ooticai 
disc loaded in said apparatus, for mioving said 
opticai head in a radial direction of the optica! 
disc loaded in said apparatus: and 

(c) control means for providing a control 
signal to select and output one of th.e output 
signals of said N photc detecting means. 

wherein said N' converging grating 
couplers have one of (a) respective numerical 
apertures, (b) respective focal distances and (c) 
respective wor!<ing distances and perform 
aberration correction cer traiispareiu siibsfates 
of respective o;ies or" said N optica! discs, one of 
said converging g-a'-ng couplers having one of 
(a) a larger one of said iuimericai apertures, (h) a 
shorter one of said toca! distances and fc^i a 
shorter one of said working distances, is selected 
for use with one of said N ooucal discs having a 
thinner one of said transparent substrates, and 
said optical head perfor:"s a recording, 
reproducing or erasing ooe.^acion of said 
information signal on said optical disc loaded in 
said apparatus. 



63. An apoaratus according to cinim 

62, further comprising disc discriminating means 
for discriminating a type of said optica! disc 
loaded in said apparatus and for outputting a 
discrimination signal according to a 
discrimination result, and wherein said control 
means selects one of the output signals of said 
photo detecting means for detecting the reflected 
light returned through the converging grating 
coupler that generates a least aberration due to 
the transparent substrate of the optical disc loaded 
in said apparatus. 

6'^. An apparatus according to claim 

63. wherein said discriminating means comprises: 

a cartridge for enclosing the opcicai disc 
loaded in said apparatus: 

said cartridge having a discrimination hole 
which has an open/closed state characteristic 
which dift^'ers dependiiig on the tvpe of said 
GOtica! disc loaded in said apparatus: and 

detecting means for detecting the 
ooen/closec state characteristic of said 
discrimination hole. 

65, An apparatus according to ciaim 
62. wherein the transparent substrates of said N 
optical discs have thicknesses which include at 
least one of about 0.3m,in and about 1 2mm and 
said converging grating couplers have numeral 
apertures which include at least one of about 0.-^5 
and about 0.8. 

66. An optica! recordinS'Teoroducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from anv one of N 
types (where N>2) of optica! discs having 
transparent substrates of different thic!<nesses. 
each of said N opiica! discs having at leas: a 
transparent substrate and an infor:nation laver. by 
converging a light flux on said information layer 
through said transparent substrate, said apparatus 
comiorising: 

(a) an optical head including (\) a 
waveguide formed on a su.bstrate. light 
emitting means for directing waveguide lig.ht into 
said waveguide, (iii^ oocical path switciiins means 
arranged in an optical path of said waveguide 
light for switching a propagation d-.rection of said 
waveguide light according to a cont.-oi signal to 
N (where N>2) propagation directions, (iv^ N 
(where N>2't converging grating ccuolers. 



arranged in ihe N propagation directions switched 
by said optical path switching means, for 
directing waveguide lights traveling in said N 
propagation directions to outside of said 
waveguide and for receiving reflected fight from 
the optical disc loaded in said apparatus and (v) 
photo detecting means for detecting said reflected 
light through said converging grating couplers 
and for outputting the reflected light as said 
information signal: and 

(b) an optical head movins means. 
adapted to be arranged on one side of tiie optical 
disc loaded in said apparatus, for moving said 
ootica! head in a radial direction of the optical 
disc loaded in said apparatus. 

wherein said N cotivergu'.g gratii'g 
couplers have one of fa"' respecLive nuniericai 
apertures, (b) respective focal distances and (c) 
respective working distances and Derfor:r. 
aberration correction over transcarer.t subst.'ates 
of respective ones of said N optical discs, one of 
said N converging grating couij'-ors hiaving one of 
Ca) a larger one of said nun^erica! apertures, (b) a 
shorter one of said focal distances and (z) a 
shorter one of said working distances, is selected 
for use with one of said N optical discs ;-.aving a 
thinner one of said transparent substrates, and 
said optical head oe'forn.'.s a recording, 
reproducing or erasi'^g oceration of said 
information signal on said opticai d'sc leaded in 
said apparatus. 

6"^. An apparatus according to c'ai:n 
66. wherein th.s transoare-u subst.'ates of said N 
optical discs have tiucknesses whic:- include at 
least one of about 0 3mm and about 1 2nr:m and 
said converging gratiiig couplers have nui-ierai 
apertures wiiicli incliide at least cue of about 0.^5 
and about 0.8. 

6S. An npc.i:at^:S accor;:-ng to c'd.bv. 
66. furtiier cotuorising disc discriuiirating means 
for discriminating a tvue of said optical disc 
loaded in said apparatus a;'.d for o utputting a 
discrimination signal acceding to a 
discrimination result, and controi iueans for 
otitputting said coiUrui sig-iai to said onticai path 
sv/itching n-.eans in rcsncrisc to sa'd 
discriminatiofT signa! to s'-u'tc'i the orjuaga'.ion 
direction of the waveguide ligiu fron) the liglu 
emitting rneans to a direction of one of said 



converging grating couplers th<it generates a least 
aberration due to the transparent substrate of the 
optical disc loaded in said apparatus. 

69. An apparatus according to claim 
68. wherein said discriminating means comprises: 

a cartridge for enclosing the optica! disc 
loaded in said apparatus: 

said cartridge having; a discrimination hole 
which has an open/closed state characteristic 
which differs depending on the tvpe of said 
optical disc loaded in said apparatus: and 

detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

70. An apparatus according to claisn 
66. wherein said optical path switching means 



includes deHecting means for changing the 




prooasation direction of the waveguide ligh 


t bv a 


deflection angle corresponding to a oreceter 


'mined 


input signal: tracki'^g error detecting means 


for 


detecting a tracking error cuantitv of a soot 




converged on th.e optical disc and for outou 


tting 


said tracking error cuantitv as a tracking eri 


ror 


signal: and tracking control means for ciian: 


g;na 


said input signal to said defection n-.eans 




according to said tracking error signal to re 


m.ove 


a tracking error of said converged soot. 




71. An apparatus according to ch 




66. wherein said coticai switching mez 


,ns is 


a surface acoustic wave transducer arranged 


. to 


intersect with the optical oath of the wavegi 


.nde 


light emitted from said liglr: em.ittmg means. 


72. An optica! recording,' reorcducing 


svstem for recording, reproducing or erasin 


g an 


information signal onto/ from anv one of oii: 


ira: 


optical discs each having at least a transoar: 




substrate and an ir,for;narion laver bv con^-e 




a light flux on said i;' formation lave: throu2 


:h said 


transparent substrate, said system comprising 


a oiuraiitv of optical l^eads: 




a Dluralitv of optica! head moving m 


eans. 


adapted to be arran.ged or. one side o^'an o: 


)tica! 


disc loaded in said nooaratus in a racial dir: 




of said optica! disc on a center thereof, for 




moving said optical head in a direction reiai 


:ive to 


the optical disc so as to traverse a recording 


r track 


thereof: and 




a cartridge for enclosing anv one of 


said 


optical discs and having N openings arrange 


id in a 



radia! direction of an optical disc enclosed therein 
on the center thereof. 

73. An apparatus according to claim 
72, wherein said optica! discs have transparent 
substrates of different thicknesses. 

7^. An apparatus according to claim 
72. wherein the N openings of said cartridge are 
mutually independently opened and closed. 

75. An apparatus according to claim 
72, wherein said cartridge has a discrimination 
hole for providing an indication of a tvpe of the 
optical disc loaded in said apparatus. 

76. An optical recording/reorocucing 
apparatus for recording, reproducing or erasing 
an information signal onto/from an optica! disc 
having at least a transparent substrate and an 
information layer bv converging a light fiux on 
said information laver through said transparent 
substrate, said apparatus comprising: 

at least one light emitting mieans for 
em.itting a light flux: 

a converging means for converging said 
light flux on said information layer of one of N 
fwhere N>2) optical discs loaded in said 
apparatus and perforniing aberration correction 
over respective transparent substrates of said N 
optica! discs having different thicknesses: and 
at least one photo detecting means for 
detecting reflected light from said optical C'sc 
loaded in said apparatus through said coo'^erging 
means a.nd for outoatting tlie detected reflecced 
light as an electrical signal. 

wherein the thickness of the transoa.-ent 
substrate of the ootical disc is discriininated by 



said electrical signal. 




" . An optical 


recording 'reproducing 


apparatus according to cl 


Saini 76. wherein said 


converging means is one 




a g.-atine lens 




7S An oot'cal 


record ing-'rep'oducing 


apparatus for recording. 


reproducing or erasing 


an information signal oni 


:0''frofn an coticai disc 


having at least a transoar 


•e;y. substrate and an 


inform.aticn laver bv cor^ 


verging a light Hux on 


said information laver th 


rough said transoaren.t 


substrate, said aooaratus 


comorising- 


at least one ligin 


emoting means fcr 


emitting a light flux: 



a single objective lens for convergins said 
light flux on said information laver: 

N fwiiere N>2) optica! wave front 
transforming elements one of which is arranged 
in an optical path between said light emitting 
means and said objective lens: and 

at least one photo detecting means for 
detecting reflected light from said opticai disc 
through said objective iens and for outputting the 
detected reHected light as an electrical signal. 

wherein composite converging optical 
systems corresponding to comibinations of (\) said 
obiective lens and ('.:) said K optical wave front 
transforming means perform aberration correction 
over respective transparent substrates of N optical 
discs having different thicknesses, and the 
thicicness of the tra.nsoarent substrate of the 
opticai disc loaded in said apparatus is 
discriminated by said electrical signal 

79. An optica! recording- reproducing 
apparatus for record'-ng. reproducing or erasing 
an inform.ation signai onto/from an optical disc 
having at least a transparent substrate and an 
information laver by converging a light fiux on 
said information laver through said transparent 
substrate, said apparatus comprising: 

at least one lig'it emitting means for 
emitting a light flux: 

N grating lenses for performing aberration 
correction over resoecuve transparent substrates 
of N fwhere N>21 occica! discs having different 
thicknesses to converge said iigiu Hux on said 
information laver of one of said optica: discs 
loaded in said apparatus: and 

at least one photo detecting m.eans for 
detecting reflected iig'i; j^roiu said optxal disc 
loaded in said apparatus throug''i said g-ating 
lenses and for outputti-.g the detected reflected 
light as an electricai siz:ia!. 



wherein the tlvckness of th.e transparent 
substrate of the optical disc loaded in said 



apparatus is discrimin 


a:ed bv sa 














80 An ODt 






reducing 


apparatus for record; r 


g reprodL 


cing 0 


■■ erasing 


an informa::o!-i sienr.i 


Oino/ f''om 


anv o; 


e of N 


tvoes fwhere N >2) c 


r" ooticai d 


scs ha 




transparent substrates 


Q- differe; 


t thick 


nesses. 


each of said N optica 




ng at ' 


east a 



transparent substrate and an information laver. by 
converging a light flux on said information laver 
through said transparent substrate, said apparatus 
comprising: 

(al an optical head including fi) light 
emitting means for emitting said light flux, (ii) 
optical means for converging said light flux onto 
said information laver. and fiii) at least one photo 
detecting means for detecting reflected light from 
the optical disc: and 

(b) optical head mioving means, adapted to 
be arranged on one side of an optical disc loaded 
in said apparatus, for moving said optical head 
relative to the optical disc loaded , in said 
apparatus to traverse a recording track thereof: 

wherein said ooticai means con-.orises one 
of fa) N different numerical apertures. Co) N 
different focal distances and (c) N different 
working distances and perforins aberration 
correction over resoeciive irai'soa.^en.t substrates 
of said N optical discs, one of fa) a larger one of 
said numerical apertures. (0) a shorter one of said 
focal distances and (c) a shorter one of said 
working distances is selected for one of said N 
optical discs having a thinner one of said 
transparent substrates, and said optical means 
performs a recording, reproducing or erasing 
operation of said in .formation signal on said 
optical disc loaded in said apparatus. 

8 1 . An appa-'atus according to claim 

80. further comprising disc discr-'minating mieans 
for disc-iminating a tvoe of said opt:ca! disc 
loaded in said aopara'us and for outoutting a 
discrimination signal according to a 
discrimination result, a-.d a control m.eans for 
selecting the conversed light flux, according to 
said discrimination signai. that genera:es a least 
aberratioiT due to the t."nsoare:'.: s;'.bs:ra:e of the 
optical disc loaded m sa:d apparatus. 

82. An apoaraius according to ciaim 

81. wherein said discriir.inaiing ^neans comprises: 

a cartridge for eiiclosin; :::e ccticai disc 
loaded in said appa.'-a'us: 

said cartridge ha'-ins a ciscrimination hole 
which has an open/closed state cha.'-acteristic 
which differs depending on a tvpe of said optical 
disc loaded in said apparatus: arc 



detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

83. An apparatus according to claim 80. 
wherein the transparent substrates of said N 
optical discs have thicknesses which include at 
least one of about 0.3mm and about I.2mm and 
said converging optical systems have disc side 
numeral apertures which include at least one of 
about 0.45 and about 0.8. 



[ABSTRACT 

An optical disc apparatus for recording, reproducing or 
erasing an infonnation signal by converging a light flus 
onto a recordbg layer through a transparent substrate. 
Tha apparatus includes one or a plurality of optical 
heads having a plurality of objective lenses whose aber- 
rations have respectively been corrected for a plurality 
of disc substrates of different thicltnesses, a cartridge for 
enclosing the optica] disc, a discrimination hole which 
is formed on the C3.nr.dsc, and a sensor for detecting 
the opening/closing state of the discrimination hole and 
for generating a discrimination signal. In accordance 
with the result of the discrimLnation as to the thickness 
of the loaded optical disc, tiie objective icns, in which 
the occurrence of the aberration is smallest, is u.sed, so 
that the information signal can preferably be recorded, 
reproduced or erased onto/from the optical discs hav- 
ing diiTcrent substrate thicknesses. Instead of an optica! 
head bavLng objective lenses, an optica! head having a 
waveguide and a plurality of converging grating cou- 
plers whose aberrations have respectively been cor- 
rected for a plurality of disc substrates of different 
thicknesses is provided to achieve ihe same object. ] 
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DECLARATION 

I, as a below-named inventor, hereby declare that my 
residence, post office address and citizenship are as stated 
below adjacent my name, that I verily believe I am an original, 
first and joint inventor of the invention described and claimed 
in Letters Patent No. 5,235,581 issued August 10, 1993 and in 
the specification filed August 5, 1991 and for which invention I 
solicit a reissue patent; that I have reviewed and understand 
the contents of the specification attached hereto, including the 
claims; that I acknowledge my duty to disclose inforniation of 
which I am aware which is material to the examination of this 
Reissue Application in accordance with Title 37, Code of Federal 
Regulations, §1. 56(a); and that no application for patent or 
inventor's certificate on this invention has been filed in any 
country foreign to the United States prior to filing of 
Application Serial No. 740,629 (from which Patent 5,235,581 
issued) by me or my legal representatives or assigns, except as 
follows : 

Japanese Patent Application Nos. 02-212537 filed August 9, 1990, 
02-285006 filed October 22, 1990, and 03-044793 filed March 11, 
1991. 

The priority of Japanese application nos. 02-212537, 02- 
235006 and 03-044798 was claimed in said U.S. application and is 
also hereby claimed in this Reissue Application and certified 
copies are available in the patent file. 

I further declare that I believe said Letters Patent is, 
through error and without deceptive intent, partly inoperative 
by reason of our claiming less than we had a right to claim in 
the patent. 

The above-referenced error is corrected herein by adding 
some broader claims and some more specific claims. 

We hereby appoint the following as cur attorneys of record 
with full power of substitution and revocation to prosecute this 
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application and to transact ail business in the Patent and 

Trademark Office. 

Ellsworth H. Mosher, Registration No. 14,717; Richard C. 
Harris, Registration No. 17,194; William A. Knoeller, 
Registration No. 20,929; James E. Ledbetter, Registration No. 
28,732; Thomas P. Pavelko, Registration No. 31,689; James A. 
Poulos, Registration No. 31,714; and Anthony P. Venturino, 
Registration No. 31,674. 

All correspondence in connection with this application 

should be sent to: 

STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 
515 N. Washington Street 
P.O. Box 1427 
Alexandria, VA 22314 
Telephone (703) 549-7200 

I, as an undersigned inventor, further declare that all 
statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be 
true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 
of Title 13 of the United States Code and that such willful 
false statements may jeopardize the validity of the reissue 
application or of any reissue patent to issue thereon. 
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Citizenship: Japanese 

Post Office Address: 17-21-202, Fu j igaokacho , Suita-shi, Japan 
Yasuhiro GOTOH 



Residence: Kadoma-shi, Japan 
citizenship: Japanese 

Post Office Address: 5-1-710, Yanagimachi, Kadoma-shi, Japan 




(Date) 





(Date) 



Page 2 of 2 



